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ANNUAL  REPORT 

FIELD  STUDIES  AND  STATISTICS  PROGRAM 

October  1,  1979  through  September  30,  1980 

In  December  1979,  Dr.  Joseph  F.  Fraumeni ,  Jr.  was  appointed  Acting 
Associate  Director  for  Field  Studies  and  Statistics  in  the  Division  of 
Cancer  Cause  and  Prevention.  This  program  area  consists  at  present  of 
the  Biometry  Branch  (Chief,  Dr.  Earl  S.  Pollack),  the  Clinical  Epidemiology 
Branch  (Chief,  Dr.  Robert  W.  Miller),  and  the  Environmental  Epidemiology 
Branch  (Chief,  Dr.  Joseph  F.  Fraumeni,  Jr.).  In  summary  reports  the 
Branch  Chiefs  have  outlined  the  research  activities  under  their  direction. 
In  this  report  the  orientation  of  the  overall  FS&S  program  is  summarized 
and  discussed  in  terms  of  new  challenges  and  future  directions. 

Mission 

It  is  difficult  to  project  activities  over  time,  given  the  uncertainties 
related  to  a  proposed  NCI  reorganization,  available  positions,  funds, 
manpower,  and  especially  the  direction  that  new  leads  and  opportunities 
will  take.  However,  the  objective  of  FS&S  is  to  attain  a  comprehensive, 
flexible  and  balanced  program  that  will  enhance  our  capacity  at  the 
national  level  to  generate  fresh  ideas  and  help  settle  key  questions  in 
cancer  epidemiology  and  biometry.  Toward  this  end,  a  selective  expansion 
and  reorientation  of  the  program  seems  warranted  to  augment  existing 
project  areas,  initiate  new  lines  of  research,  and  make  the  most  efficient 
use  of  resources  located  at  NCI  and  several  federal  agencies.  Although 
its  primary  responsibility  is  intramural  research,  FS&S  has  a  clear 
obligation  to  provide  biometric  and  epidemiologic  support  to  all  parts  of 
the  National  Cancer  Program,  to  foster  parallel  efforts  throughout  the 
cancer  program,  and  to  promote  epidemiology  training  opportunities  at  NIH 
and. elsewhere. 

With  mounting  interest  in  environmental  cancer  and  in  the  contribu- 
tions to  etiology  and  prevention  that  can  be  made  through  the  epidemio- 
logic approach,  FS&S  has  been  asked  to  increase  the  scope  of  its  work  and 
to  help  shape  federal  programs  and  policy  in  several  areas.  Despite 
substantial  growth  and  support  of  the  epidemiology  program  over  the  past 
four  years,  there  are  still  insufficient  senior  staff  to  keep  pace  with 
the  opportunities  and  demands  for  research  and  consultation  in  the  field 
of  environmental  cancer.  Furthermore,  FS&S  contributes  not  only  to 
cancer  etiology,  but  also  to  natural  history,  end  results,  clinical 
trials,  preventive  measures,  and  even  strategies  involved  in  administrative 
planning  and  decision-making.  Epidemiologic  and  biometric  approaches 
permeate  many  aspects  of  the  National  Cancer  Program,  and  are  fundamental 
to  the  design  and  evaluation  of  methods  to  control  cancer.  This  entails 
close  interaction  and  coordination  between  personnel  in  FS&S  and  throughout 
the  Institute. 

Demography 

A  major  objective  of  FS&S  is  to  generate  national  statistics  on 
cancer  incidence,  mortality  and  survival.  This  provides  valuable  signals 
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for  further  epidemiologic  study,  and  for  monitoring  the  progress  of  the 
National  Cancer  Program.  The  Surveillance,  Epidemiology  and  End  Results 
(SEER)  program  has  collected  population-based  statistics  on  cancer  incidence 
and  patient  survival  since  1973,  covering  about  ten  percent  of  the  U.S. 
population.  There  will  soon  be  detailed  reports  of  this  experience  and  a 
characterization  of  the  ethnic  and  socioeconomic  influences  on  cancer 
incidence  and  survival.  A  subcommittee  of  the  Board  of  Scientific  Counselors 
of  DCCP  was  recently  appointed  to  review  the  SEER  program  and  will  recommend 
changes  to  promote  productivity,  efficiency,  and  economy.  Since  non-melanoma 
skin  cancer  is  not  covered  by  the  cancer  registries,  a  special  incidence 
survey  will  be  completed  in  various  areas  around  the  country.  In  the 
past,  a  county-by-county  survey  of  cancer  mortality  in  the  United  States 
(1950-69)  has  identified  geographic  clusters  of  elevated  rates  that 
provide  etiologic  clues  and  opportunities  for  further  study.  New  maps 
are  being  prepared  to  cover  cancer  mortality  in  the  recent  time  period 
1970-75,  and  to  illustrate  the  geographic  patterns  for  non-neoplastic 
disorders  that  may  be  etiological ly  related  to  cancer. 

Analytic  Epidemiology 

Further  development  of  FS&S  is  needed  to  strengthen  our  program  of 
case-control  and  cohort  studies  in  the  following  areas.  1)  Occupational 
studies  are  a  valuable  means  of  identifying  chemical  and  physical  carcinogens, 
and  will  be  expanded  to  assess  the  many  hazards  suggested  by  experimental 
and  clinical  observations.  2)  Radiation  studies  require  more  emphasis 
as  pressure  mounts  to  clarify  the  effects  of  low-level  exposures  and  the 
shape  of  the  dose-response  curve.  Studies  of  A-bomb  survivors  will  be 
pursued  by  cooperative  arrangements  with  the  Radiation  Effects  Research 
Foundation  in  Japan.  3)  Drug  studies  will  be  expanded  to  evaluate  the 
effects  of  estrogenic  compounds,  immunosuppressive  and  cytotoxic  agents, 
and  other  agents  suspected  to  have  carcinogenic  activity.  4)  Nutritional 
studies  will  be  intensified  to  clarify  the  role  of  dietary  fat,  fiber, 
micronutrients,  and  food  additives  in  cancer  etiology.  A  focus  of  study 
will  be  migrant  groups  and  other  U.S.  populations  where  cancer  risk  may 
have  been  altered  by  changing  dietary  habits.  5)  Family  studies  have 
been  enhanced  by  the  development  of  a  computer-based  data  resource,  and 
should  result  in  a  more  precise  delineation  of  family  cancer  syndromes, 
such  as  the  dysplastic  nevus  syndrome  that  predisposes  to  familial  melanoma. 
6)  Case-control  studies  of  selected  cancers  will  be  pursued  vigorously, 
either  when  high-risk  communities  are  identified  on  the  cancer  maps,  or 
when  testable  hypotheses  and  special  resources  become  available.  Whenever 
appropriate,  the  studies  will  involve  collaboration  with  federal  and 
state  agencies,  SEER  registries  and  cancer  centers,  military  hospitals, 
record-linkage  systems,  and  the  like.  7)  Environmental  pollutants,  such 
as  water  contaminants,  agricultural  chemicals,  and  air  pollutants,  will 
be  evaluated  through  these  studies  by  integrating  appropriate  environmental 
and  body  measurements.  8)  Multidisciplinary  projects  combining  epidemiologic 
and  experimental  approaches  will  be  encouraged  to  evaluate  candidate 
viruses,  dietary  and  metabolic  factors,  host  susceptibility,  air  and 
water  pollutants,  and  other  causative  factors  that  may  continue  to  elude 
detection  by  traditional  observational  methods. 
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Biometrics 

The  development  of  statistical  methodology  in  FS&S  contributes 
greatly  to  several  areas,  including  epidemiology,  carcinogenesis  research, 
therapy  trials,  and  screening  programs.  Efforts  are  underway  to  increase 
and  structure  investigative  work  in  the  screening  and  early  detection  of 
cancer.  Development  of  a  screening  methodology  group  in  FS&S  would  help 
fill  a  gap  area  in  NCI,  and  assist  the  Division  of  Cancer  Control  and 
Rehabilitation  in  designing,  monitoring  and  evaluating  the  extramural 
screening  programs.  This  may  be  accomplished  through  a  close  working 
relationship  between  FS&S  biometricians/  epidemiologists  involved  in 
screening  methods  and  the  appropriate  DCCR  staff.  More  biostatistical 
work  is  also  needed  in  the  field  of  carcinogenesis,  including  the  development 
and  testing  of  multi-cause  and  multi-stage  models,  and  the  clarification 
of  issues  involved  in  extrapolating  results  from  animal  experiments  to 
man. 

Collaboration 

Collaborative  studies  with  other  federal  agencies  will  be  given  high 
priority  to  1)  evaluate  urgent  issues  including  those  of  immediate  regulatory 
or  public  policy  concern,  and  2)  stimulate  the  epidemiologic  application 
of  technical  and  data  resources  that  are  used  by  the  government  primarily 
for  other  purposes.  Many  research  and  regulatory  agencies  are  concerned 
with  environmental  cancer,  yet  few  have  epidemiologic  programs,  and 
require  assistance  and  support  on  many  issues.  Particularly  at  this  time 
of  fiscal  restraint,  it  is  important  to  increase  initiatives  to  develop 
and  coordinate  national  data  resources  that,  with  appropriate  safeguards, 
may  be  tapped  by  qualified  investigators  throughout  the  country.  The 
FS&S  will  also  work  closely  with  other  groups  in  efforts  to  remove  the 
serious  obstacles  to  epidemiologic  research  resulting  from  proposed 
extensions  of  the  privacy  and  confidentiality  laws  and  by  the  excessive 
delays  and  complexities  created  by  proposed  0MB  clearance  procedures. 
The  bi-national  programs  offer  major  epidemiologic  opportunities  for 
international  studies,  and  next  year  special  emphasis  will  be  given  to 
joint  studies  and  exchange  programs  with  Chinese  scientists  to  pursue 
clues  drawn  from  the  recent  county-based  maps  in  China.  Within  the  NCI 
further  steps  will  be  taken  to  improve  communication  and  coordination  of 
epidemiology  and  biometry  programs,  and  to  stimulate  multidisciplinary 
activities  linking  epidemiologists  with  experimentalists  and  clinicians. 
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ANNUAL  REPORT 

BIOMETRY  BRANCH 

October  1,  1979  through  September  30,  1980 

The  major  functions  of  the  Biometry  Branch  are:  to  measure  trends  in  cancer 
incidence  and  patient  survival  over  time  and  to  assess  differences  in  these 
measures  among  important  population  subgroups;  to  conduct  research  on  the 
etiology  of  cancer  in  man;  to  develop  statistical  methodology  applicable  to 
clinical  trials  and  other  follow-up  studies  as  well  as  to  other  problems  in 
cancer  research;  and  to  provide  statistical  and  computer  science  support  to 
other  research  investigators  outside  the  Branch.  This  work  is  accomplished 
through  in-house  studies  and  through  field  studies,  some  of  which  are  carried 
out  collaboratively  with  investigators  in  this  country  and  abroad.  The 
program  is  summarized  briefly  below. 

Surveillance,  Epidemiology  and  End  Results  (SEER)  Program 

The  SEER  Program,  which  is  operated  primarily  by  Dr.  John  Young  and  his 
Demographic  Analysis  Section,  obtains  cancer  incidence  and  patient  survival 
data  through  a  group  of  eleven  population-based  cancer  registries  covering  all 
cancers  diagnosed  in  the  populations  of  five  entire  states  (Connecticut, 
Hawaii,  Iowa,  New  Mexico,  and  Utah),  five  metropolitan  areas  (Atlanta,  Detroit, 
New  Orleans,  San  Francisco,  and  Seattle)  and  the  Commonwealth  of  Puerto  Rico. 
The  first  report  on  cancer  incidence  and  mortality,  covering  this  entire 
program,  was  published  in  October  1978.  A  monograph  of  over  1,000  pages 
presenting  detailed  data,  area  by  area,  for  the  period  1973-1977  has  been 
submitted  for  publication.  Thus,  a  set  of  basic  data  will  be  available  to 
cancer  researchers  as  well  as  to  those  concerned  with  various  aspects  of  the 
cancer  problem. 

Data  have  been  reported  by  all  of  the  cancer  registries  for  the  time  since 
their  entry  into  the  program  through  the  end  of  1978.  There  is  evidence  that 
the  1978  data  are  not  yet  complete  but  the  missing  data  will  be  supplied  in 
August  1980. 

Meanwhile  the  data  for  1973-1977  have  been  used  to  make  comparisons  among 
the  various  ethnic  groups  within  the  eleven  SEER  area  populations.  When 
ranked  by  incidence  rates  per  100,000  population  for  all  sites  combined,  both 
Hawaiian  males  (465.0)  and  Hawaiian  females  (408.5)  had  the  highest  rates  in 
their  respective  sex  groups.  Among  the  males.  Blacks  (454.3)  were  second  and 
Whites  (371.6)  third  while  among  females.  Whites  (301.2)  were  second  and 
Blacks  (288.7)  third.  For  individual  sites,  however,  the  picture  varied 
considerably.  The  Hawaiians  in  Hawaii  and  the  Hawaii-Japanese  had  by  far  the 
highest  stomach  cancer  rates  among  males  (51.4  and  47.3  respectively)  and  the 
Whites  had  the  lowest  (12.7).  For  colon  cancer  among  males,  on  the  other  hand, 
the  rates  were  highest  among  six  groups  (ranging  from  34.3  to  39.6)  --  Whites, 
Blacks,  San  Francisco-Chinese,  Hawaii-Chinese,  San  Francisco-Japanese  and 
Hawaii-Japanese.  The  lung  cancer  rates  were  highest  among  Hawaiians  for  both 
males  and  females  (116.9  and  50.7  respectively).  They  were  next  highest  among 
Black  males  (110.0)  and  White  males  (76.4).  Among  females,  lung  cancer  incidence 
was  also  relatively  high  among  the  San  Francisco-Chinese  (33.1)  and  the  Hawaii- 
Chinese  (29.8).  Examination  of  the  primary  site  distribution  for  each  ethnic 
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group  reveals  that  for  males,  among  the  Blacks,  Hawaiian  and  Whites,  lung 
was  the  most  frequent  site  of  cancer.  Among  the  Japanese,  Chinese,  and 
Filipinos,  colon  and  rectum  was  the  leading  site  and  among  the  Puerto  Ri can- 
Spanish,  the  New  Mexico-Spanish  and  the  American  Indian,  prostate  was  the  most 
frequent  site.  For  females,  breast  was  the  most  frequent  site  for  every   ethnic 
group,  but  for  the  American  Indian  cervix  was  equally  as  frequent,  with  gall 
bladder  following  closely  behind.  Analysis  of  these  data  for  ethnic  groups  in 
detail  provide  a  basis  for  the  formulation  of  specific  hypotheses  for  further 
study. 

Trends  in  cancer  incidence  and  differences  across  geographic  areas  are  also 
being  analyzed  in  detail. 

Clinical  and  Diagnostic  Trials 

During  the  year  Dr.  Byar  and  members  of  his  section  have  been  involved  in  the 
continuation  of  a  number  of  studies  and  in  the  initiation  of  several  new  ones. 
This  section  serves  as  the  statistical  coordinating  center  for  some  of  the 
major  clinical  trials.  This  includes  the  development  of  the  detailed  study 
plans,  randomization  of  patients,  collection,  processing,  editing  and 
analysis  of  the  data  and  preparation  of  scientific  papers.  In  the  course  of 
this  work  and  as  an  outgrowth  of  consultation  on  other  studies,  this  group 
has  been  very  active  in  the  development  of  statistical  methodology  that  has 
application  particularly  in  the  areas  of  clinical  trials  and  epidemiologic 
research.  A  brief  summary  of  some  of  the  major  activities  is  as  follows: 

1)  Analysis  has  continued  on  the  data  on  over  4,000  patients  with  prostate 
cancer  that  were  obtained  from  the  randomized  clinical  trials  conducted  by 
the  Veterans  Administration  Cooperative  Urological  Research  Group  between 
1960  and  1975.  A  number  of  questions  were  addressed  using  this  data  set. 

2)  The  Inter-group  Study  of  Testicular  Cancer,  a  nationwide  randomized  trial, 
comparing  adjuvant  combination  chemotherapy  following  surgery  for 
resectable  stage  II  disease  versus  chemotherapy  only  for  relapses  was 
implemented  during  the  year.  Patient  accrual  is  continuing  and  initial 
processing  of  the  data  has  begun. 

3)  Data  on  some  2,300  women  with  breast  cancer  who  have  also  had  estrogen 
receptor  studies  performed  are  available  for  analysis.  A  number  of  analyses 
were  carried  out  during  the  year  and  several  others  have  been  planned. 
These  include  not  only  the  prognostic  significance  of  estrogen  receptor 
values  but  also  analysis  of  serum  data  and  biological  markers  for  breast 
cancer. 

4)  Analysis  of  the  data  on  the  psychological  consequences  of  mastectomy  is 
nearly  completed.  Greatest  distress  was  found  among  those  with  Stage  II 
(known  positive)  breast  cancer  compared  with  those  with  Stage  I  (node 
negative).  Lowest  level  of  distress  was  found  among  those  with  benign 
biopsy  and  among  the  healthy  controls. 

5)  Two  staff  members  serve  as  statisticians  for  the  Lung  Cancer  Study  Group, 
which  consists  of  six  major  centers  with  a  capacity  to  recruit  over  150 
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stage  I  lung  cancer  patients  per  year.  Four  prospective  randomized 
trials  are  in  progress  but  none  has  yet  reached  the  analysis  stage. 

6)  The  staff  has  been  collaborating  with  the  Brain  Tumor  Study  Group  on 
analysis  of  data  from  a  number  of  large-scale  clinical  trials. 

7)  A  staff  member  is  serving  as  statistician  for  a  cooperative  pilot  study 
to  develop  procedures  for  a  study  of  hospice  care  for  terminal  cancer 
patients.  The  study  is  aimed  at  assessing  the  psychological  state  of 
hospice  patients  and  their  immediate  families,  as  well  as  the  attitudes 
of  hospice  staff  toward  terminal  care. 

The  above  is  only  a  partial  list  of  the  projects  carried  out  by  this  group. 
In  addition,  this  section  has  actively  pursued  a  development  of  statistical 
methodology  directly  related  to  their  work.  This  includes  the  following: 
estimation  of  the  required  duration  of  a  clinical  trial  to  assure  a  desired 
power  for  a  given  hazard  ratio;  methods  for  analyzing  survival  data  in  the 
presence  of  censoring  mechanism;  analysis  of  the  properties  of  sequential 
tests  applied  to  survival  data;  evaluation  of  serial  marker  measurements  in 
patients  at  risk  of  recurrent  cancer;  development  of  an  interactive  computer 
program  for  analysis  of  patient  survival  adjusting  for  the  effects  of 
prognostic  variables  whose  values  change  with  time;  development  of  a 
parametric  survival  model  with  time  dependent  covariates;  experimentation  with 
graphic  display  of  survival  curves  which  adjust  for  the  effect  of  patient 
covariates;  use  of  life  table  methods  to  smooth  hazard  and  incidence  data  from 
clinical  trials;  experimentation  with  chi-square  tests  for  equality  of 
proportions;  and  analysis  of  the  effect  of  multiple  comparisons  in  two-way 
tables. 

Mathematical  Statistics 

Dr.  John  Gart  and  his  Mathematical  Statistics  and  Applied  Mathematics  Section 
has  provided  statistical  support  and  consultation  both  within  the  Division  of 
Cancer  Cause  and  Prevention  and  to  other  divisions  at  NCI.  This  has  involved 
basic  study  design  as  well  as  data  analysis.  As  an  outgrowth  of  this 
activity,  this  section  has  developed  basic  statistical  methodology  which  has 
applicability  to  the  kinds  of  problems  involved  in  their  consultative  work. 

A  brief  summary  of  some  of  the  activities  of  this  section  during  the  past  year 
is  as  follows: 

1)  Work  has  been  done  on  the  design  of  the  statistical  analyses  for  an 
epidemiologic  study  of  the  relationship  between  dietary  factors  and  cancer 
of  the  colon  in  Norway  and  in  Minnesota.  This  involves  assessing  the 
effect  of  the  various  factors  after  adjusting  for  competing  risk. 

2)  Ongoing  statistical  collaboration  has  been  provided  for  a  Biometry  Branch 
study  of  non-melanoma  skin  cancer.  During  the  year  this  involved  an 
analysis  of  seasonal  patterns  of  skin  cancer  incidence. 

3)  A  variety  of  collaborative  work  has  been  carried  out  in  the  area  of 
carcinogenesis  research.  This  has  involved  the  design  and  statistical 
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analysis  of  bacterial  assays  to  study  the  mutagenic  effect  of  mixtures 
of  several  known  mutagens;  an  analysis  of  data  on  an  experiment  to 
investigate  the  apparent  protective  effect  of  early  pregnancy  on  mammary 
tumor  incidence;  extensive  statistical  analyses  of  a  large  scale  chronic 
toxicity  study  of  environmental  and  industrial  chemicals  on  rats;  and  a 
number  of  other  projects  involving  the  design  and  analysis  of  laboratory 
data. 

4)  The  staff  of  the  section  collaborated  with  the  Carcinogenesis  Testing 
Program,  now  a  part  of  the  National  Toxicology  Program,  on  the  analysis 
of  various  bioassays  on  carcinogenic  experiments  in  rats. 

5)  A  number  of  statistical  analyses  have  been  carried  out  in  collaboration 
with  investigators  in  the  Division  of  Cancer  Biology  and  Diagnosis, 
These  include  studies  of  precursors  of  cytotoxic  lymphocytes,  analysis  of 
immune  response  data,  evaluation  of  lung  cancer  immunotherapy  trial,  and 
a  number  of  other  studies. 

6)  A  staff  member  has  carried  out  several  collaborative  efforts  with  the 
Division  of  Cancer  Treatment.  These  include:  statistical  methods  for 
predicting  pharmacological  activity  of  potential  anti -cancer  drugs, 
design  and  analysis  of  in  vitro  mammalian  cell  assays  for  mutagenicity, 
and  analysis  of  experiments  on  the  use  of  intravenous  alimentation  to 
prevent  cachexia  in  tumor  bearing  rats. 

7)  A  variety  of  research  has  been  carried  out  in  the  area  of  mathematical 
statistics,  probability  and  applied  mathematics.  These  include:  a 
study  of  methods  for  combining  estimators  of  relative  risk  from 
prospective  stratified  data;  development  of  models  for  tumor  growth 

and  models  for  mammary  tumor  systems  in  rats;  development  of  methods  for 
identifying  a  cyclic  trend;  investigation  of  the  properties  of  various 
estimators  of  relative  risks  for  case  control  studies  with  multiple  matched 
controls;  and  the  development  of  methods  for  simplifying  the  derivation 
of  score  test  statistics  for  a  wide  range  of  models. 

Analytic  Studies 

Dr.  Max  Myers  and  his  Biometric  Research  and  Analytic  Studies  Section  conduct 
research  in  cancer  etiology,  screening  for  early  detection,  prognosis,  and  in 
statistical  methodology  related  to  each  of  these  areas.  In  carrying  out  these 
responsibilities  the  staff  utilizes  data  from  the  cancer  Surveillance, 
Epidemiology  and  End  Results  (SEER)  Program  and  other  available  resources  for 
analytic  studies  of  factors  that  may  be  associated  with  the  risk  of  developing 
cancer,  for  evaluating  the  effectiveness  of  screening  programs,  and  for  studies 
of  factors  associated  with  cancer  patient  survival.  Some  of  the  activities 
of  this  group  over  the  past  year  include: 

1)  Continuation  of  work  on  the  collaborative  study  with  investigators  from 
the  Soviet  Union  on  survival  of  breast  cancer  patients.  Preliminary 
analyses  indicate  more  frequent  use  of  chemotherapy  as  an  adjunct  to 
surgery  for  the  Soviet  patients  than  for  the  U.S.  patients.  Further 
comparative  analysis  awaits  the  submission  of  approximately  2,000  USSR 
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cases.  Data  collection  for  the  U.S.  part  of  the  study  has  been  completed 
but  at  least  three  more  years  must  elapse  before  it  will  be  possible  to 
compute  5-year  survival  rates. 

2)  Data  were  submitted  to  the  NCI  by  the  four  registries  that  were  former 
participants  in  the  End  Results  Program  to  permit  an  assessment  of  trends 
in  cancer  patient  survival  from  the  early  1960's  to  the  1970's.  These 
later  data  updated  follow-up  through  1978.  Thus  it  has  been  possible  to 
compare  5-year  survival  rates  for  patients  diagnosed  in  1970-73  with 
those  for  patients  diagnosed  in  1960-63.  Among  the  ten  leading  sites  of 
cancer  there  were  significant  increases  in  the  5-year  relative  survival 
rates  over  that  decade  for  all  but  two  —  stomach  and  pancreas.  The  most 
striking  change  over  that  time  period  was  an  increase  in  the  5-year 
survival  rate  for  children  under  15  years  of  age  with  acute  lymphocytic 
leukemia  --  an  increase  from  4%  among  those  diagnosed  in  1960-63  to  34% 
for  those  diagnosed  in  1970-73. 

3)  Considerable  work  has  been  carried  out  in  the  area  of  cancer  screening 
for  early  detection.  A  controlled  clinical  trial  carried  out  by  the 
Health  Insurance  Plan  of  Greater  New  York  suggests  the  usefulness  of 
annual  screening  for  breast  cancer  using  clinical  examination  plus 
mammography.  After  12  years  of  follow-up  the  study  group  showed  about 
1/3  less  mortality  from  breast  cancer  than  the  control  group.  A  study 
of  bladder  cancer  screening  is  being  carried  out  collaboratively  with 
other  staff  members  in  Field  Studies  &  Statistics.  This  is  an  evaluation 
of  the  bladder  cancer  screening  program  at  the  Dupont  Chambers  Plant  and 
includes  all  employees  who  ever  participated  in  the  urine  cytology  program 
at  Dupont.  Data  are  now  being  collected,  records  are  being  screened,  and 
follow-up  status  is  being  determined.  Work  is  continuing  on  the  develop- 
ment of  theory  for  the  evaluation  of  screening  programs  using  methodology 
from  renewal  theory.  Topics  being  investigated  include  age  dependence, 
parameter  estimation,  lead  time,  length  biased  sampling,  and  mortality 
measures.  An  age  dependent  mathematical  model  for  screening  is  under 
development.  The  basic  variables  are  age  at  entry  into  the  pre-clinical 
state,  pre-clinical  state  sojourn  time,  and  age  at  screening  for  observa- 
tion. These  results  lead  to  a  more  complete  understanding  of  length  bias 
in  screening  than  has  been  possible  previously. 

4)  Data  from  the  End  Results  Group  are  being  used  to  study  the  association 
of  treatment  with  the  risk  of  subsequent  cancer  for  cancer  patients 
diagnosed  during  1935  to  1973.  Three  collaborative  studies  are  being 
conducted  with  the  Environmental  Epidemiology  Branch.  These  are:  a 
study  of  second  cancers  following  radiation  for  cervical  cancer,  the 
preliminary  results  of  which  show  an  excess  of  second  cancers  including 
leukemia,  lung,  bladder,  kidney  and  genital  cancers.  The  second  is  a 
case-control  study  to  evaluate  the  risk  of  endometrial  cancer  following 
estrogen  treatment  for  breast  cancer,  and  the  third  is  a  collaborative 
study  on  the  extent  to  which  subsequent  primaries  occur  following  a 
diagnosis  of  Hodgkin's  disease.  As  an  outgrowth  of  the  national  bladder 
cancer--artificial  sweetener  study,  a  study  of  occupational  exposures, 
particularly  those  in  the  automotive  industry,  in  relation  to  possible 
elevated  risk  of  developing  bladder  cancer,  is  being  carried  out  in  the 
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Detroit  area.  Two  control  groups  are  being  used  —  one,  a  group  of 
hospital  controls  and  the  other,  population  controls.  Data  collection 
has  been  completed  and  detailed  analysis  is  now  being  carried  out. 

5)  A  detailed  analysis  of  the  Third  National  Cancer  Survey  data  (1969-71) 
has  been  carried  out  to  study  the  association  of  cancer  incidence  with 
income  and  education.  An  important  aspect  of  this  study  is  an  analysis 
of  the  effect  of  adjusting  for  differences  in  socioeconomic  distribution 
on  the  risk  of  specific  cancers  among  Blacks  relative  to  those  among 
Whites. 

6)  A  series  of  methodological  investigations  related  to  analytical  studies 
has  been  carried  out.  These  include:  the  use  of  Monte  Carlo  methods  to 
investigate  the  small  sample  adequacy  of  both  the  chi -square  and  an 
approximation  to  the  exact  conditional  distribution  of  the  Mantel-Haenszel 
statistic.  The  investigation  showed  the  importance  of  considering  adjust- 
ment for  discreteness,  whether  or  not  to  correct  for  continuity,  number 
and  size  of  the  tables  in  analysis,  and  the  nature  of  the  underlying 
distribution  as  to  whether  symetric  or  not.  A  number  of  statistical 
methods  are  being  studied  for  use  in  monitoring  disease,  for  cluster 
analysis  and  for  other  kinds  of  epidemiologic  studies.  Relative  survival 
rate  methodology  has  been  used  to  investigate  the  relationship  between 
cancer  patient  survival  and  mortality  attributed  to  the  diagnosed  cancer. 
The  analysis  thus  far  seems  to  indicate  that  there  may  be  a  number  of 
deaths  due  to  cancer  which  are  not  reported  as  such. 

International  Studies 

During  the  past  year  research  on  stomach  cancer  and  precursor  lesions  continued 
in  Japan,  Hawaii,  and  Colombia.  Research  also  continued  on  colorectal  cancers 
in  these  areas.  The  Norwegian  migrant  studies  are  continuing  and  a  concerted 
effort  is  being  made  to  analyze  large  data  sets  in  Minnesota  and  Norway  for 
the  possible  relationship  to  dietary  factors  and  specific  gastro-intestinal 
cancers.  Preliminary  analyses  of  data  from  the  SEER  Program  indicate  that 
the  risk  of  nasopharyngeal  cancer  among  the  Chinese  population  in  San  Francisco, 
relative  to  that  among  Whites,  is  about  16  compared  with  a  relative  risk  among 
the  Hawaiian-Chinese  of  about  8.  This  is  consistent  with  the  preliminary 
inspection  of  the  cancer  mortality  maps  in  the  People's  Republic  of  China,  in 
terms  of  the  areas  of  origin  of  these  two  U.S. -Chinese  populations.  Further 
analyses  of  these  differences  will  be  carried  out  during  the  coming  year. 

Skin  Cancer 

Stimulated  by  the  need  for  data  on  the  possible  effect  of  increased  ultraviolet 
radiation  due  to  depletion  of  the  ozone  layer  on  the  incidence  of  non-melanoma 
skin  cancer,  Joseph  Scotto  of  the  Biometry  Branch  has  been  carrying  out  a 
study  of  skin  cancer  incidence  in  8  areas  around  the  country.  During  this 
year,  two  new  areas  were  added  to  provide  more  reliable  national  estimates 
of  the  morbidity  from  non-melanoma  skin  cancer,  as  well  as  epidemiologic 
data  on  host  and  environmental  factors  other  than  solar  ultraviolet  that  may 
be  associated  with  increased  risk. 
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Psychological  Factors  in  Relation  to  Cancer 

Dr.  Bernard  Fox  of  the  Biometry  Branch  staff  has  been  participating  in  or 
monitoring  a  number  of  studies  investigating  the  possible  relationship 
between  psychological  factors  and  the  occurrence  of  cancer.  Prospective 
studies  on  four  cohorts  are  being  pursued  --  1)  an  employee  cohort  on  the 
relationship  of  depression  test  scores  to  cancer  mortality  for  the  next  20 
years;  2)  a  college  cohort  on  the  relation  between  scores  in  men  on  15 
psychological  items  and  colon  cancer  mortality  over  the  next  35  years;  3) 
follow-up  of  an  adult  Swedish  county  cohort  for  20  years  after  an  initial 
10-year  follow-up  indicated  a  relationship  of  cancer  mortality  and  specific 
psychological  test  scores;  and  4)  follow-up  of  a  cohort  to  study  the  relation- 
ship between  presence  or  absence  of  type  A  personality  to  cancer  mortality 
over  the  next  20  years.  Psychological  test  data  are  available  from  the 
initiation  of  each  of  these  studies. 

Computer  Science 

The  Computer  Science  Section  headed  by  Mr.  Theodore  Weiss  provides  computer 
support  for  a  good  deal  of  the  research  of  the  Biometry  Branch  through  direct 
service  as  well  as  through  the  management  of  a  large  computer  support  contract. 
It  is  also  heavily  involved  in  the  development  of  design  and  software  for 
computer  systems  underlying  the  operation  of  large  cancer  registries.  In 
addition,  this  section  provides  consultation  on  computer  problems  to  other 
parts  of  the  NCI.  This  section  has  coordinated  the  development  of  a  prototype 
data  management  system  for  the  SEER  registries.  During  the  year  the  core 
system  was  installed  in  the  California  Tumor  Registry  and  it  is  currently 
being  adapted  for  installation  in  the  Connecticut  Tumor  Registry.  Some 
aspects  of  this  system  are  also  being  used  for  the  Louisiana  Tumor  Registry 
and  further  modifications  of  it  are  being  adapted  for  the  Detroit  Tumor 
Registry. 

Plans  for  the  Immediate  Future 

During  the  year  the  SEER  Program  was  the  subject  of  considerable  discussion 
by  the  Board  of  Scientific  Counselors  of  DCCP.  In  large  part,  this  resulted 
from  the  report  of  the  site  visit  to  the  Biometry  Branch  which  focussed 
heavily  on  the  SEER  Program.  Among  the  major  issues  was  the  cost  of  the 
program  which  now  totals  slightly  over  $10  million  in  contract  funds.  Follow- 
ing the  report  of  the  site  visit,  the  Biometry  Branch  staff  held  a  meeting 
with  the  SEER  principal  investigators  to  discuss  ways  in  which  the  program 
could  be  streamlined  and  the  cost  correspondingly  reduced.  Among  the  major 
items  being  considered  for  modification  are:  reduction  of  the  requirement 
for  active  follow-up  in  eyery   SEER  registry,  reconsideration  of  the  necessity 
of  collecting  data  on  detailed  extent  of  disease  and  a  re-examination  of  the 
computer  costs  across  the  SEER  program.   Analyses  of  these  issues  are  now 
being  carried  out  and  decisions  for  changes  will  be  made  by  the  fall  of  1980. 
Meanwhile,  the  Board  of  Scientific  Counselors  has  appointed  a  sub-committee 
to  "review  the  SEER  Program."  The  Biometry  Branch  staff  will  explore  with 
this  sub-committee  the  possibility  of  specific  major  changes  in  or  alternatives 
to  the  current  SEER  program.  It  is  hoped  that  out  of  this  will  emerge  a  more 
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efficient  way  of  achieving  the  basic  objectives.  Since  the  SEER  Program  has 
now  collected  five  years  of  complete  incidence  data,  a  concerted  effort  is 
now  being  made  to  place  these  data  in  the  public  domain,  both  in  the  form  of 
publications  containing  detailed  data  and  in  the  form  of  public  use  tapes.  A 
1,000  page  monograph  presenting  incidence  and  mortality  data  for  the  period 
1973-77  will  be  published  in  1980,  and  a  series  of  smaller  volumes,  each 
pertaining  to  a  specific  site,  will  be  published  as  NCI  publications  during 
1980.  Each  will  present  current  data  on  incidence,  mortality  and  survival 
along  with  some  comparisons  with  earlier  data.  In  addition,  the  SEER  data 
will  serve  as  a  basis  for  a  number  of  papers  on  specific  issues,  to  be  sub- 
mitted for  publication  in  journals. 

Some  of  the  Biometry  Branch  staff  effort  will  be  devoted  to  collaboration  on 
the  Japan-Hawaii  Cancer  Study.  Preliminary  analyses  on  the  cases  of  cancer  of 
the  colon,  rectum  and  stomach  that  have  been  accumulated  thus  far  have  revealed 
that,  for  colon  cancer  in  particular,  serum  cholesterol  levels,  as  determined 
from  initial  examination,  are  unusually  low.   This  has  been  corroborated 
by  data  from  at  least  two  other  large  prospective  studies  and  will  be  the 
subject  of  more  detailed  analyses  based  on  a  larger  number  of  cases  during 
the  coming  year.  In  addition,  the  original  24-hour  diet  recall  data  are 
being  recoded  to  take  into  account  initial  data  obtained  at  the  outset  of  the 
study  which  had  never  been  processed.  This  will  lead  to  a  re-analysis  of  the 
relationship  between  dietary  factors  and  the  occurrence  of  colorectal  cancer. 

Several  issues  related  to  endometrial  cancer  will  be  explored  during  the 
coming  year.  Since  the  beginning  of  the  SEER  Program  in  1973  it  has  been 
noted  that  the  incidence  rates  for  cancer  of  the  uterine  corpus  have  been 
higher  in  San  Francisco,  Seattle  and  Hawaii  than  in  any  of  the  other  SEER 
areas.  Further  preliminary  analysis  reveals  that  this  difference  has  occurred 
primarily  in  the  age  groups  from  55  to  70,  which  suggest  the  possibility  that 
greater  use  of  post-menopausal  estrogens  on  the  West  Coast  may  be  a  factor  in 
these  differences.  Further  analysis  of  this  will  be  carried  out.  The 
unusually  low  rate  of  cancer  of  the  uterine  corpus  in  the  New  Orleans  area 
suggest  that  there  is  a  possibility  of  an  artifact  in  the  data.  Investigations 
thus  far,  however,  have  not  been  able  to  identify  such  an  artifact.  Therefore, 
this  will  be  further  investigated.  Meanwhile,  one  of  the  critical  problems 
in  understanding  differences  in  endometrial  rates  across  geographic  areas  is 
the  extent  to  which  prior  hysterectomies  have  been  done,  thus  reducing  the 
number  of  women  at  risk  of  endometrial  cancer.  To  the  extent  that  this  varies 
across  geographic  areas,  this  factor  could  have  considerable  influence  on 
differences  in  the  incidence  rates  unless  the  denominators  are  appropriately 
adjusted.  Exploration  of  this  problem  and  development  of  ways  of  estimating 
the  actual  population  of  women  at  risk  will  be  carried  out. 

Plans  are  under  way  to  bring  in  a  Visiting  Fellow  from  the  People's  Republic 
of  China  to  spend  a  year  on  a  collaborative  study  of  cancer  incidence  in 
Shanghai  compared  with  that  in  a  large  metropolitan  area  in  the  U.S.  Since 
there  are  two  populations  (San  Francisco  and  Hawaii)  in  which  we  already  have 
ongoing  data  collection  on  substantial  Chinese  populations,  these  would  be 
natural  settings  for  such  a  comparative  study.  Hopefully,  the  analyses  carried 
out  during  the  coming  year  will  lead  to  specific  hypotheses  which  would  then 
be  the  subject  of  further  research  during  the  years  to  come. 
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Project  Description 


Objectives: 


To  provide  descriptive  data  on  cancer  incidence  and  patient  survival  for 
defined  populations;  to  investigate  variation  in  risk  of  specific  forms 
of  cancer  by  region,  place  of  residence,  age,  sex,  race,  socioeconomic 
status.  Based  on  analyses  of  differences  among  subgroups,  to  develop 
hypotheses  concerning  etiology  for  further  study;  to  evaluate  patient 
survival  for  trends  over  time,  taking  into  account  changes  in  the 
distribution  of  extent  of  disease  and  type  of  treatment,  and  to  compare 
survival  among  areas  and  among  population  subgroups  to  identify  variables 
that  might  be  related  to  variation  in  survival  rates. 

Methods  Employed: 

The  incidence  and  survival  data  are  obtained  from  a  group  of  eleven 
population-based  cancer  registries  covering  all  cancers  diagnosed  in  the 
populations  of  five  entire  states  (Connecticut,  Hawaii,  Iowa,  New  Mexico, 
and  Utah),  five  metropolitan  areas  (Atlanta,  Detroit,  New  Orleans,  San 
Francisco,  and  Seattle)  and  the  Commonwealth  of  Puerto  Rico.  For  each 
case  of  cancer  diagnosed  in  these  areas,  information  is  obtained  from 
hospital  records  on  age,  sex,  race,  place  of  residence,  site  of  cancer, 
histologic  type,  extent  of  disease,  type  of  treatment.  Each  alive  case 
is  followed  at  least  once  a  year  after  diagnosis  or  date  of  last  contact 
to  determine  vital  status.  A  complete  updated  tape  is  submitted  to  NCI 
each  year  from  each  registry;  it  contains  data  on  all  cases  diagnosed 
during  the  preceding  year  and  follow-up  data  on  all  previously  reported 
cases  for  the  latest  year. 

In  order  to  assure  complete,  accurate  and  comparable  data  among  the 
population-based  registries  supplying  data  to  the  SEER  Program,  an 
extensive  program  of  training  and  quality  control  procedures  is  employed. 
Training  is  carried  out  in  a  variety  of  ways  depending  on  the  need  and 
those  being  trained.  Periodic  workshops,  attended  by  representatives 
from  all  areas,  are  conducted  to  introduce  new  procedures  or  to  reinforce 
existing  data  abstracting  and  coding  rules  and  conventions.  Other 
workshops  are  conducted  at  a  local  level  to  train  new  employees  or  to 
up-grade  the  level  of  abstracting  by  hospital  tumor  registrars  who 
contribute  to  the  central  registries.  Completeness  of  reporting  audits 
consist  of  matching  of  cases  identified  from  a  variety  of  sources,  such 
as  pathology  lists,  radiotherapy  rosters,  autopsy  reports,  oncology 
department  patient  files,  etc.,  against  the  registry  file  to  determine 
completeness  of  case  finding.  Accuracy  and  comparability  are  evaluated 
by  reabstracting  and/or  recoding  a  sample  of  the  cases,  and  checking 
these  against  the  codes  on  file.  Differences  are  investigated  and 
corrective  procedures  instituted. 

Extensive  use  of  computer  edit  programs  are  employed  on  the  data 
submitted  to  NCI.  This  includes  a  check  to  ensure  that  all  codes  are 
within  the  bounds  specified.  Items  within  the  abstract  are  compared. 
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such  as  date  of  birth  with  age,  sex  with  specific  site,  site  with 
histologic  type,  etc.  For  patients  who  had  more  than  a  single  cancer, 
items  between  extracts  are  compared  to  ensure  consistency.  These  edit 
programs  produce  printouts,  presenting  the  entire  case  as  well  as  a 
message  as  to  the  item  in  question,  which  are  sent  back  to  the  registry 
for  correction. 

The  registries  serve  as  a  basis  for  research  projects  conducted  by  the 
staff  of  the  individual  registries.  Once  these  projects  are  designed 
they  are  usually  carried  out  through  funds  obtained  from  sources  other 
than  the  basic  SEER  contract.  Since  the  registries  provide  complete 
coverage  of  all  cancers  in  defined  populations,  they  are  an  ideal 
resource  for  carrying  out  collaborative  case-control  studies  to  test  the 
impact  of  suspected  etiologic  factors  for  specific  forms  of  cancers. 
NCI-initiated  studies  are  carried  out  by  the  Biometry  Branch  or  the 
Environmental  Epidemiology  Branch  through  contracts  with  the  SEER 
registries. 

Major  Findings: 

Data  for  cases  diagnosed  between  January  1,  1973  and  December  31,  1978 
were  submitted  to  NCI  in  December,  1979.  One  participant  submitted  data 
only  for  1974-1978;  one  submitted  data  only  for  1975-1978,  and  one  only 
for  1974-77.  While  it  is  felt  that  all  areas  have  complete  reporting  for 
1977,  data  for  1978  appear  to  be  incomplete. 

Currently,  data  are  available  on  cases  among  residents  of  all  eleven  SEER 
areas.  Cases  of  malignant  lesions  and  in  situ  lesions  have  been 
submitted,  but  analyses  of  these  data  have  centered  around  the  malignant 
lesions.  There  were  22,593  malignant  lesions  reported  1973-1977  by 
Puerto  Rico  and  327,627  by  the  other  10  SEER  Registries,  similarly  2,275 
and  28,531  in  situ  lesions  were  reported  by  Puerto  Rico  and  the  other  10 
Registries  respectively. 

Combined  data  for  1973-1977  allow  some  comparisons  among  the  ethnic 
groups  within  the  11  SEER  area  populations.  When  ranked  by  incidence 
rates  per  100,000,  both  Hawaiian  males  (465.0)  and  Hawaiian  females 
(408.5)  have  the  highest  incidence  in  each  of  their  respective  groups. 
Black  males  (454.3)  are  second  and  white  males  (371.6)  are  third;  while 
the  reverse  is  true  for  females  --  whites  (301.2)  are  second  and  blacks 
(288.7)  are  third.  The  male-female  general  pattern  of  higher  incidence 
among  males  is  borne  out  by  the  fact  that  the  5  highest  groups  for  males 
have  a  range  of  465.0  to  325.6  while  the  range  for  females  is  only  408.5 
to  263.0.  Although  the  Chinese  in  San  Francisco-Oakland  have  higher 
incidence  rates  than  those  in  Hawaii  among  both  males  and  females,  the 
pattern  is  different  for  Japanese  males  but  the  same  for  Japanese 
females.  Indeed,  Japanese  men  in  Hawaii  have  the  highest  rate  (327.6) 
for  all  these  Asian  groups  while  Japanese  women  in  Hawaii  have  the  lowest 
rate  (220.9).  It  is  interesting  to  note  that  the  incidence  rates  for 
Hawaiian  Chinese  men  and  women  are  virtually  the  same  and  that  a  similar 
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pattern  exists  for  San  Francisco-Oakland  Japanese  men  and  women.  In  most 
ethnic  groups  the  incidence  rate  is  considerably  higher  for  males  than 
for  females.  But  for  Hispanics  in  New  Mexico  and  American  Indians,  the 
incidence  rate  for  females  is  higher  than  that  for  males. 

The  most  common  cancer  in  females  was  breast  cancer.  This  was  true  for 
all  ethnic  groups  except  American  Indian;  in  this  group,  cancer  of  the 
gallbladder  was  the  most  common  while  breast  cancer  ranked  second. 
Colorectal  cancer  was  generally  ranked  second  for  women  in  the  other 
ethnic  groups.  However,  it  was  fourth  for  Hawaiian  women  while  cancers 
of  the  lung  and  corpus  ranked  second  and  third  respectively.  For 
Hispanic  women  in  New  Mexico  and  in  Puerto  Rico,  cervical  cancer  was 
second  and  colorectal  third.  Cancer  of  the  thyroid  and  colorectal  cancer 
were  second  and  third  in  ranking  for  Filipino  women. 

Among  males  there  was  no  clear  pattern  in  the  ranking  of  sites.  Although 
lung  cancer  ranked  first  for  all  males  combined,  it  was  the  most  common 
cancer  among  black,  Hawaiian,  white,  and  San  Francisco-Oakland  Chinese 
men.  The  top-ranking  site  for  Japanese  men  in  both  Hawaii  and  San 
Francisco-Oakland,  Chinese  men  in  Hawaii,  and  Filipino  men  was  colorectal 
cancer.  Cancer  of  the  prostate  was  the  most  common  site  among  Hispanic 
men  in  both  New  Mexico  and  Puerto  Rico  and  for  American  Indians. 

In  August  each  registry  will  submit  a  tape  to  NCI  containing  follow-up 
data  through  1979.  This  will  allow  NCI  to  calculate  5-year  survival 
rates  on  a  population  base  for  cases  diagnosed  1973-75.  Since  only  seven 
registries  reported  data  in  1973  the  number  of  cases  may  be  too  small  to 
yield  reliable  rates.  However,  there  will  be  substantial  numbers  of 
cases  for  the  calculation  of  3-year  survival  rates,  and  plans  are  being 
made  to  publish  at  least  3-year  survival  rates  by  registry  for  the  period 
1973-1975. 

Since  the  SEER  Program  identifies  all  cases  of  cancer  diagnosed  in 
defined  populations,  it  is  a  valuable  resource  for  case-control  studies 
to  identify  possible  etiologic  agents.  A  major  advantage  is  that 
case-finding  techniques  are  already  in  place, and  it  is  possible  to  modify 
them  to  permit  very  early  identification  of  the  cancers  of  interest  so 
that  patients,  rather  than  proxies  for  the  patients,  can  be  interviewed. 
Furthermore,  population  controls  can  be  used,  thus  avoiding  a  number  of 
problems  posed  by  the  use  of  non-cancer  hospital  controls.  Two  major 
studies  of  this  type  are  now  being  carried  out  in  most  of  the  SEER 
locations.  One  is  aimed  at  studying  the  relationship  of  bladder  cancer 
and  the  use  of  artificial  sweeteners  and  the  other  is  attempting  to 
assess  the  impact  of  ozone  depletion  on  the  occurrence  of  non-melanoma 
skin  cancer.  The  possibility  of  using  SEER  to  study  the  relationship 
between  the  use  of  oral  contraceptives  and  cancers  of  the  breast  and 
endometrium  is  now  being  explored. 
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Significance  of  the  Program  to  the  Institute: 

Continuing  information  on  both  cancer  incidence  and  patient  survival  is 
essential  so  that  the  nature  and  magnitude  of  the  cancer  problem  can  be 
determined  and  changes  over  time  can  be  assessed.  As  an  important  step 
toward  prevention,  continuing  analysis  of  variations  in  cancer  incidence 
across  subgroups  of  the  population  can  lead  to  specific  etiologic 
hypotheses  for  further  testing.  This  in  turn  may  lead  to  the 
identification  of  risk  factors  which  can  be  brought  under  control. 
Through  continuing  analyses  of  survival  data,  the  Program  can  provide 
important  clues  to  improved  treatment  methods.  The  maintenance  of 
population-based  cancer  registries  provides  a  data  base  against  which 
some  of  the  major  programs  of  the  Institute  can  be  assessed,  for 
example,  the  impact  of  specific  cancer  control  programs  can  be  measured 
to  determine  the  extent  to  which  these  programs  are  meeting  their  stated 
goals.  Data  from  cancer  centers  can  be  compared  with  the 
population-based  data  to  determine  in  what  ways  cancer  center  patients 
and  the  treatment  they  receive  differs  from  that  of  the  general 
population. 

Proposed  course  of  the  Project: 

1.  The  SEER  Program  grew  out  of  two  major  programs  of  the  Biometry 
Branch  —  the  Third  National  Cancer  Survey  (and  its  predecessors)  to 
measure  cancer  incidence  and  the  End  Results  Program  to  measure  patient 
survival.  The  Surveys  have  made  available  incidence  data  for  three 
points  in  time  --  1937,  1947,  and  1969-71.  As  indicated  above,  the 
incidence  data  from  the  SEER  Program  for  the  white  population  are 
sufficiently  comparable  to  those  from  the  TNCS  so  that  it  is  possible  to 
extend  the  three  points  beyond  the  TNCS  into  the  period  covered  by  the 
SEER  Program.  The  End  Results  Program  has  provided  trend  data  on  cancer 
patient  survival  by  combining  data  from  two  population-based  registries 
and  two  hospital  registries  over  a  period  of  30  years.  Work  is  now  going 
on  to  extend  the  trend  data  from  those  areas  to  include  follow-up 
information  through  1978.  Additional  work  is  planned  to  determine 
whether  it  is  possible  to  put  together  these  earlier  data  and  survival 
data  from  the  SEER  Program  in  order  to  continue  to  extend  these  trends  on 
an  annual  basis. 

2.  Another  aspect  of  the  SEER  Program  that  is  now  being  investigated 
intensively  is  the  area  of  computer  systems  for  the  SEER  registries.  Up 
to  this  point  each  registry  has  developed  and  maintained  its  own  data 
management  system  and  continues  to  do  its  own  independent  development. 

As  a  result,  a  SEER  data  management  system  has  been  developed  jointly  by 
NCI  and  two  participants.  During  the  next  year  this  system  will  be 
updated  and  installed  in  two  additional  registries. 

3.  A  comprehensive  monograph  of  over  1,000  pages  containing  cancer 
incidence  and  mortality  data  covering  the  first  five  years  of  the  program 
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is  being  published  in  the  NCI  monograph  series.  This  volume  contains 
detailed  data  by  race,  sex,  age,  geographic  area,  primary  site,  and 
histologic  type  of  cancer. 
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Project  Description 

Objectives: 

To  conduct  research  in  cancer  etiology,  screening  for  early  detection, 
prognosis  and  in  statistical  methodology. 

To  provide  consultation  to  other  divisions  of  NCI,  to  other  institutes  of  NIH 
and  to  non-governmental  groups  on  collection  and  analysis  of  data  on  human 
populations,  on  design  and  analysis  of  special  studies. 

Methods  Employed: 

A  wide  variety  of  statistical  procedures  and  principals  are  used  for  design- 
ing studies  and  analyzing  results.  Some  of  these  are  standard  techniques 
while  others  are  developed  for  handling  specific  conditions  dictated  by  the 
subject  matter. 

Major  Findings: 

1.  Collaboration  with  investigators  from  the  Soviet  Union  on  survival  of 
breast  cancer  patients  is  awaiting  submission  of  approximately  2000  USSR 
cases.  Data  for  the  US  part  of  the  study  have  been  assembled  and  further 
acquisition  of  follow-up  information  is  continuing.  Preliminary  analyses 
indicate  more  frequent  use  of  chemotherapy  as  an  adjunct  to  surgery  for 
Soviet  patients  (sample  Soviet  data).  Several  more  years  must  pass  before 
5-year  follow-up  will  be  possible. 

2.  Data  submitted  to  NCI  by  four  registries  who  were  former  participants  in 
the  NCI  sponsored  End  Results  Program  permit  an  assessment  of  trends  in  can- 
cer patient  survival  from  the  early  1960's  to  the  early  1970's.  These  regis- 
tries (State  of  Connecticut,  California  Tumor  Registry,  registries  of  Charity 
Hospital  of  New  Orleans  and  the  University  of  Iowa  Hospital)  who  still  con- 
tribute to  the  SEER  Program  in  their  respective  areas  represent  a  wide  vari- 
ety of  types  of  hospitals  but  the  extent  to  which  their  contributed  data 
reflect  true  national  results  is  not  known. 

Table  1  shows  trends  in  5-year  relative  survival  rates  for  the  10-year  span 
for  a  group  of  10  most  frequently  occurring  cancer  sites.  These  collectively 
account  for  approximately  2/3  of  all  malignancies.-i/  Among  white  patients, 
statistically  significant  (.05  level)  increases  were  observed  for  all  sites 
except  stomach  and  pancreas.  For  black  patients,  statistically  significant 
increases  were  noted  for  cancers  of  the  corpus,  breast,  cervix,  bladder  and 
prostate.  Small  but  not  statistically  significant  increases  were  seen  for  the 
other  sites.  Other  less  frequently  occurring  forms  of  cancer,  Hodgkin's  and 
Non-Hodgkin's  Lymphomas  and  acute  and  chronic  Lymphocytic  Leukemia,  each 
exhibited  statistically  significant  increases  in  survival. 


-'^SEER  1973-76  Incidence  data  for  all  races,  both  sexes, 
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Table  2  presents  survival  data  for  white  children  less  than  15  years  of  age. 
Survival  results  for  children  whose  cancers  were  diagnosed  during  1970-73 
were  generally  better  than  for  those  diagnosed  during  1960-63  for  all  but  two 
types  identified  in  Table  2;  the  exceptions  being  "Other  Brain  and  Nervous 
System"  and  Retinoblastoma.  Many  of  the  increases  were  statistically  signif- 
icant. The  most  dramatic  survival  trend  of  all  was  observed  for  acute  lympho- 
cytic leukemia  (ALL)  which  accounted  for  20-25  percent  of  all  cancers  in 
children  under  15:  the  5-year  survival  rate  increased  from  a  low  of  4  percent 
for  ALL  diagnosed  in  1960-63  to  34  percent  for  diagnoses  during  1970-73.  A 
marked  increase  in  survival  was  observed  for  children  with  Neuroblastoma,  the 
third  most  frequently  diagnosed  type.  Survival  improvements  were  observed 
for  other  types,  some  yery   substantial  but  measured  with  less  precision  than 
those  noted  above. 
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Table  1.  5-Year  Relative  Survival  rates  (%)  for  10  leading  cancer  sites. 

White  1160-_63  1970-73 

81  *!/ 

68  * 

64  * 

61  * 

63  * 

49  * 

45  * 
13 

10  * 
1 

1970-73 

44    * 
51    * 
61    * 
34    * 
55    * 
37 
30 
13 
7 
2 


Corpus 

73 

Breast 

63 

Cervix 

58 

Bladder 

53 

Prostate 

50 

Colon 

43 

Rectum 

38 

Stomach 

11 

Lung 

8 

Pancreas 

1 

Black 

1960-63 

Corpus 

31 

Breast 

46 

Cervix 

47 

Bladder 

24 

Prostate 

35 

Colon 

34 

Rectum 

27 

Stomach 

8 

Lung 

5 

Pancreas 

1 

1/ 


*Statistically  significant  at  the  .05  level  (1-tail  test). 
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Table  2.  Cancer  Survival  Trends  for  White  Children  Less  than  15  Years  of  Age. 


Number  of 
cases 

5-Year  Relative 
Survival  Rates 

Tumor  Type 

1960-63 

1970-73 

1960- 

63 

1970-73 

Leukemia 

Acute  Lymphocytic 

239 

340 

4 

34   *i/ 

Acute  Granulocytic 

30 

58 

3 

5 

Acute,  Type  not  specified 

98 

39 

2 

24   * 

All  Other  Leukemia 

42 

20 

10 

20 

Lymphoma 

Hodgkin's  Disease 

40 

82 

52 

90   * 

Non-Hodgkin's  Lymphoma 

80 

82 

18 

26 

Brain  and  Nervous  System^-' 

Glioma 

106 

106 

48 

59 

Medulloblastoma 

54 

66 

17 

38   * 

Other  Brain  and 
Nervous  System 

77 

59 

31 

27 

Neuroblastoma 

100 

86 

25 

40   * 

Retinoblastoma 

72 

80 

93 

85 

Wilms'  tumor 

57 

69 

33 

70   * 

Bone 

61 

73 

20 

30 

Soft  Tissue  Sarcoma 

44 

50 

38 

60   * 

-  *Statisticany  significant  at  the  .05  level  (1-tail  test) 

2/ 

-Excluding  Neuroblastoma. 
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3.  The  dramatic  improvements  in  the  survival  experience  of  white  children 
diagnosed  with  acute  leukemia  between  1950  and  1974  are  described.  Changes 
over  time  for  ALL  (acute  lymphocytic  leukemia)  and  ANLL  (acute  non-lymphocytic 
leukemia)  patients  under  15  years  of  age  diagnosed  at  hospitals  participating 
in  the  End  Results  Group  and  SEER  Programs  are  compared  with  the  published 
results  of  recent  clinical  studies  conducted  at  various  cancer  centers. 

The  survival  for  white  children  with  ALL  increased  markedly  in  the  early 
1970's  and  has  continued  to  do  so  through  the  mid-1970's.  The  3-year  survival 
rate  for  children  diagnosed  in  1973-1974  was  approximately  61%.  In  general, 
children  diagnosed  at  ages  1  through  4  years  did  better  than  older  children,  par- 
ticularly those  10  through  14  years.  Male-female  differences,  for  the  most 
part,  were  not  significant.  Overall  survival  for  white  children  with  ALL  was 
considerably  better  than  that  for  blacks,  although  the  sample  of  black  chil- 
dren was  too  small  to  permit  detailed  analysis.  Survival  for  children  with 
ANLL  began  to  show  significant  improvements  in  the  mid-1 970 's  although 
increases  were  not  comparable  with  those  seen  for  ALL.  The  3-year  survival 
rate  for  whites  with  ANLL  diagnosed  in  1973-1974  was  43%. 

4.  Findings  to  date  in  the  HIP  Study  strongly  suggest  the  usefulness  of 
annual  screening  for  breast  cancer  using  clinical  examination  plus  mammo- 
graphy. Over  a  twelve  year  period  of  follow-up,  the  study  group  has  about 
one-third  less  mortality  from  breast  cancer  than  the  control  group.  This 
reduction  appears  to  be  concentrated  among  women  50  years  of  age  and  older. 
The  differential  between  study  and  control  cases  in  fatality  from  breast  can- 
cer is  almost  entirely  due  to  the  exceptionally  better  survival  among  cases 
detected  through  screening.  Both  the  clinical  examination  and  mammography 
contributed  to  this  favorable  situation,  but  the  magnitude  of  the  independent 
contribution  of  each  modality  is  difficult  to  determine. 

5.  Work  has  continued  on  the  development  of  theory  for  the  evaluation  of 
screening  programs  for  the  early  detection  of  disease  using  methodology  from 
renewal  theory.  Effort  has  focused  on  the  theory  of  repetitive  screening  in 
the  context  of  an  evaluation  trial.  Topics  being  investigated  include  age 
dependence,  parameter  estimation,  lead  time,  length  biased  sampling  and  mor- 
tality measures.  New  theoretical  results  were  derived  for  lead  time  distri- 
butions and  a  numerical  investigation  revealed  that  lead  time  parameters  can 
be  useful  in  deciding  upon  the  number  of  screens  to  be  administered  in  an 
evaluation  study.  An  investigation  of  the  sensitivity  of  lead  time  variables 
to  screening  frequency,  false  negative  probability,  and  disease  natural  his- 
tory was  initiated, 

6.  An  age  dependent  mathematical  model  of  screening  is  under  development. 
The  basic  variables  are  age  at  entry  into  the  preclinical  state,  preclinical 
state  sojourn  time,  and  age  at  screening  or  observation.  The  three  variables 
are  allowed  to  be  dependent,  with  the  age  at  screening  or  observation  having 
an  arbitrary  distribution  over  a  bounded  range.  The  joint  density  functions 
of  the  three  variables  for  individuals  who  are  detected  by  screening  or  whose 
disease  surfaces  clinically  between  screening  tests  have  been  derived.  These 
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results  lead  to  a  more  complete  understanding  of  length  bias  in  screening  than 
had  been  possible  previously.  The  model  is  also  being  extended  to  develop 
mortality  outcome  measures  and  estimation  procedures  for  false  negative  prob- 
abilities. In  addition,  concepts  from  the  model  have  been  applied  to  the 
development  of  a  new  technique  for  lead  time  estimation.  An  approximate  esti- 
mate for  the  lead  time  distribution  at  a  single  screen  has  been  derived. 

7.  A  study  of  lung  cancer  in  uranium  miners  was  continued  in  collaboration 
with  Dr.  Thomas  Mason  of  NCI,  Dr.  Geno  Saccomanno  of  Grand  Junction,  Colorado 
and  Dr.  Victor  Archer  of  Salt  Lake  City,  Utah.  The  natural  history  of  lung 
cancer  as  defined  by  sputum  cytology  and  the  influence  of  smoking,  radiation 
and  demographic  variables  on  etiology  are  being  investigated  using  a  descrip- 
tive epidemiologic  approach  and  stochastic  modeling  concepts.  It  was  found 
that  the  probability  of  malignant  transformation  increases  with  increasing 
severity  of  cellular  atypia;  however,  for  intermediate  stages  of  atypia,  there 
was  also  a  significant  probability  of  disease  regression.  Further,  for  indi- 
viduals with  moderate  atypia  and  heavy  radiation  exposure,  smoking  history 
had  little  effect  on  progression  through  intermediate  cytologic  stages,  yet 
heavy  smokers  were  less  likely  to  exhibit  regression  than  were  non-smokers. 

An  expanded  analysis  examining  transition  probabilities  and  sojourn  times  for 
cytologic  states  has  been  initiated  using  an  expanded  data  base  comprising 
uranium  miner  work  histories  and  additional  cytology  readings.  The  results  of 
this  project  have  implications  for  lung  cancer  prevention  programs  and  indus- 
trial safety  regulation  legislation. 

8.  A  study  of  bladder  cancer  screening  was  initiated  in  collaboration  with 
Drs.  Robert  Connor  and  Thomas  Mason  of  NCI  and  the  E.I.  DuPont  de  Nemours 
Company  of  Wilmington,  Delaware.  The  objective  of  the  study  is  to  evaluate 
the  bladder  cancer  screening  program  at  DuPont  as  an  aid  in  establishing  the 
present  state-of-the-art  for  such  screening.  All  employees  who  ever  partici- 
pated in  the  urine  cytology  program  at  DuPont  are  included.  Data  are  being 
collected  on  their  demographic  characteristics,  work  histories,  screening 
histories  and  follow-up  status.  Pathology  and  treatment  information  is  being 
acquired  for  all  cases  of  bladder  cancer,  and  all  deaths  are  being  documented. 
Future  analyses  will  relate  the  occupational  and  screening  experience  of  indi- 
viduals to  their  cancer  and  mortality  histories  in  an  attempt  to  estimate  the 
benefit  of  urine  cytology  screening  for  bladder  cancer. 

9.  Two  hundred  one  cases  of  in  situ  breast  cancer  were  studied  with  regard  to 
the  subsequent  development  of  contralateral  breast  cancer  (subsequent  can- 
cers of  other  sites  were  rare).  The  patients  drawn  from  508  cases  diagnosed 
1955-71  were  reported  by  the  California  and  Connecticut  Tumor  registries. 
Slides  for  295  patients  were  available  and  reviewed  by  two  NCI  pathologists; 
201  had  an  unequivocal  diagnosis  of  unilateral  in  situ  carcinoma.  Only  women 
with  lobular  carcinoma  in  situ  had  a  statistically  significant  increase  in 
subsequent  contralateral  carcinoma  (9.2%,  4.0%  invasive). 
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10.  The  association  of  treatment  and  risk  of  subsequent  cancer  is  being 
investigated  using  the  End  Results  Group  data  for  cancer  patients  diagnosed 
during  1935-1973.  A  person-years  approach  is  applied  which  compares  the 
observed  number  of  subsequent  cancers  to  the  expected  number,  derived  from 
age,  sex,  calendar  year  and  site  specific  Connecticut  incidence  rates. 
Initial  work  has  focused  on  index  primary  cancers  of  the  breast,  ovary, 
cervix,  and  corpus.  Three  collaborative  studies  are  being  conducted  with  the 
Environmental  Epidemiology  Branch.  The  first,  associated  with  the  Interna- 
tional Cervical  Cancer  Study,  is  investigating  second  cancers  following  radia- 
tion for  cervical  cancer.  Preliminary  results  based  on  5743  Connecticut  women 
showed  an  excess  risk  of  second  cancers  including  leukemia,  lung,  bladder, 
kidney,  and  genital  cancers  for  those  patients  treated  with  radiation.  The 
second  is  a  case-control  study  (in  progress)  to  evaluate  the  risk  of  endo- 
metrial cancer  following  estrogen  treatment  for  breast  cancer.  The  third 
collaborative  study  involves  the  investigation  of  subsequent  primaries  follow- 
ing Hodgkin's  disease. 

11.  End  Results  Group  data  for  patients  with  cancers  of  the  breast,  cervix, 
corpus,  lung,  colon,  rectum,  stomach  and  prostate  diagnosed  during  1950-59 
were  analyzed  by  stage  and  age  where  possible  using  conditional  5  year  rela- 
tive survival  rates.  Cancers  of  the  cervix  and  corpus  were  found  to  have 
quite  similar  conditional  rate  patterns  by  stage,  i.e.,  there  were  a  group  of 
patients  at  high  risk  of  dying  during  the  first  few  years  subsequent  to  diag- 
nosis with  the  remainder  of  the  patients  having  a  long-term  constant  excess 
mortality  related  to  stage  at  diagnosis.  Breast  and  prostate  also  were  asso- 
ciated with  a  long-term  excess  mortality  related  to  stage  of  disease  at  diag- 
nosis but  the  patterns  were  different  than  those  for  corpus  and  cervix.  For 
patients  with  cancers  of  the  colon  or  rectum  the  effects  of  stage  on  the  con- 
ditional rates  disappeared  by  6  to  7  years  after  diagnosis  as  the  remaining 
patients  for  all  stages  were  subject  to  roughly  a  5  percent  excess  conditional 
5  year  mortality  through  20  years  after  diagnosis. 

12.  Relative  survival  rate  methodology  was  used  to  investigate  the  relation- 
ship between  cancer  patient  survival  and  mortality  attributed  to  the  diagnosed 
cancer.  This  was  done  for  breast  cancer,  lung  cancer,  colorectal  cancer,  and 
cancer  of  the  prostate  utilizing  data  from  the  Connecticut  Tumor  Registry  for 
the  calendar  period  1949-73.  For  each  site  except  prostate  it  was  found  that 
relative  survival  estimates  of  deaths  were  consistently  higher  (on  the  order 
of  10  to  20  percent)  for  each  calendar  year  relative  to  the  corresponding  num- 
ber of  deaths  based  on  death  certificates.  For  cancer  of  the  prostate,  rela- 
tive survival  methodology  gave  even  higher  estimates  of  the  number  of  deaths 
attributable  to  that  cancer  than  death  certificate  information.  The  analysis 
seems  to  indicate  there  may  be  a  number  of  deaths  due  to  cancer  which  are  not 
reported  as  such. 

13.  In  collaboration  with  the  Michigan  Cancer  Foundation,  a  population-based 
case-control  study  of  all  incident  cases  of  histologically  confirmed  cancer  of 
the  lower  urinary  tract  diagnosed  in  a  one  year  period  was  being  conducted. 
The  purpose  of  the  study  is  to  determine  if  known  or  suspected  occupational 
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exposures,  particularly  exposures  occurring  in  the  automotive  industry  are 
associated  with  the  elevated  risk  of  developing  bladder  cancer  in  the  Detroit 
area.  Several  other  exposures  will  be  considered,  most  notably,  artificial 
sweeteners,  filtered  cigarettes,  coffee  drinking  and  sources  of  drinking 
water.  We  are  also  investigating  the  methodologic  question  of  whether  hos- 
pital controls  are  likelier  to  use  artificial  sweeteners  than  general  popula- 
tion controls  due  to  a  greater  tendency  for  hospital  controls  to  have  condi- 
tions related  to  obesity.  This  has  been  a  major  criticism  of  negative 
hospital-based  case-control  studies  concerning  the  association  between  arti- 
ficial sweeteners  and  bladder  cancer.  To  address  this  question,  two  control 
groups  were  selected.  One  control  group  is  an  age-  and  sex-stratified  sample 
from  the  general  population.  The  other  is  individually  matched  to  the  cases 
on  hospital,  race,  age  (within  5  years),  sex,  and  date  of  admission.  The  data 
collection  and  processing  phases  of  the  study  have  been  completed  and  data 
analysis  is  ongoing.  Interviews  have  been  conducted  on  445  bladder  cancer 
patients,  538  population  controls  and  347  hospital  controls. 

14.  Data  from  the  1969-71  Third  National  Cancer  Survey  are  used  to  study  the 
association  of  cancer  incidence  with  income  and  education  as  indicated  by  cen- 
sus tract  of  residence.  Also  considered  is  the  effect  of  adjustment  for  dif- 
ferences in  socioeconomic  distribution  on  the  observed  excess  risk  of  cervical 
cancer  and  lower  risk  of  breast  cancer  among  black  compared  to  white  women. 
Strong  positive  associations  with  both  income  and  education  are  seen  with  the 
rates  based  on  19,344  breast  cancer  cases  among  white  women,  observable  in  the 
majority  of  the  geographic  areas  studied.  The  relative  risk  shows  little 
apparent  relationship  to  age.  The  rates  based  on  1,570  cases  among  black 
women  indicate  a  strong  positive  association  with  education  but  not  income. 
Socioeconomic  adjustment  reduces  by  almost  half  the  black/white  difference  in 
breast  cancer  rates,  with  education  having  a  larger  effect  than  income.  Whites 
continue  to  have  a  significantly  higher  rate  after  such  adjustment.  Con- 
versely, the  incidence  of  cancer  of  the  cervix  shows  strong  negative  associa- 
tions with  each  of  the  two  variables  among  both  the  3,802  cases  among  whites 
and  954  cases  among  blacks.  The  negative  gradient  decreases  with  age  and  is 
apparent  in  almost  all  the  areas.  The  excess  risk  among  black  women  is 
reduced  by  two-thirds  with  socioeconomic  adjustment,  although  the  rates  remain 
significantly  different.  Income  has  a  stronger  association  than  education 
with  cervical  cancer  incidence. 

15.  The  Mantel -Haenszel  procedure  is  a  widely  used  statistical  method  which 
utilizes  the  Chi-Square  distribution  to  test  association  with  several  2x2 
contingency  tables.  A  study  was  conducted  using  Monte  Carlo  methods  to  inves- 
tigate the  small  sample  adequacy  of  both  the  Chi-Square  and  an  approximation 
based  on  the  Beta  distribution  to  the  exact  conditional  distribution  of  the 
Mantel -Haenszel  statistic.  Over  300  sets  of  2  x  2  tables  were  studied.  The 
results  showed  that  the  continuity  corrected  Chi-Square  provided  close  approx- 
imations to  the  exact  P  values  only  when  the  underlying  distribution  of  the 
statistic  was  symmetric.  Otherwise  the  Chi-Square  considerably  overestimated 
the  exact  probabilities.  However,  when  an  adjustment  for  discreteness  was 
made  in  computing  the  Chi-Square,  as  suggested  by  Mantel  (1974),  good  results 
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were  attained,  even  with  yery   small  samples.  The  study  also  found  that  the 
uncorrected  Chi-Square  and  Beta  gave  actual  significance  levels  closer  to  the 
nominal  significance  level  than  the  usual  continuity-corrected  Chi-Square, 
provided  that  the  number  and  size  of  the  tables  met  certain  minimum 
requirements. 

16.  A  statistical  procedure  utilizing  observed  and  expected  time  intervals 
between  successive  diagnoses  of  cases  of  a  particular  disease  has  been  devel- 
oped. The  procedure  provides  for  combining  data  from  several  communities. 
Tests  like  the  Kolmogorov-Smirnov  procedures,  which  analyze  the  departure  of 
the  distribution  of  this  statistic  from  the  expected  one  or,  from  that  sta- 
tistic observed  for  another  disease  (which  serves  as  a  control),  can  be  used 
as  the  statistical  tool  in  monitoring  systems,  in  disease  cluster  analysis  and 
in  other  epidemiological  studies. 

Relative  to  the  test  based  on  the  Poisson  distribution,  this  statistic  is  more 
efficient  in  detecting  an  increase  which  is  confined  to  a  part  of  the  popula- 
tion, and  almost  as  efficient  when  the  increase  is  in  the  whole  area. 

Relative  to  the  common  cluster  analysis  techniques,  the  information  required 
for  the  suggested  technique  is  less  detailed  and  usually  readily  available. 
However,  as  for  any  other  cluster  analysis  technique,  the  power  of  this  tech- 
nique can't  be  evaluated  for  the  general  case.  Geocoded  data  of  Hodgkin's 
disease  cases  from  Iowa  are  being  analyzed  for  clustering. 

Significance  to  Biometric  Research  and  the  Program  of  the  Institute: 

Many  of  the  benefits  of  the  consultation  program  are  long  range  in  nature  and 
consist  of  setting  up  record  systems  and  study  situations  which  enlarge  the 
potential  study  resources  of  NCI  and  related  organizations.  The  research 
objectives  of  the  Institute  are  promoted  by  continued  work  on  the  integration 
of  various  study  techniques,  e.g.,  retrospective  and  prospective  studies, 
analyses  of  mortality  data  and  morbidity  surveys,  epidemiologic  investigations 
and  cancer  registries.  An  example  of  the  interaction  between  epidemiologic 
and  end  results  investigations  are  studies  of  prognostic  factors  and  the  role 
of  these  factors  in  cancer  etiology. 

Proposed  Course 

The  emphasis  of  this  project  has  been  on  examining  patterns  of  cancer  patient 
survival  in  relation  to  therapy,  extent  of  disease,  histologic  type,  etc. 
This  kind  of  activity  will  continue  as  new  studies  of  factors  related  to 
patient  survival  are  conducted.  In  addition,  emphasis  will  be  placed  on 
developing  a  better  understanding  of  the  interrelationship  of  cancer  inci- 
dence, patient  survival  and  cancer  mortality.  This  research  should  produce  a 
better  understanding  of  how  these  measures  can  be  utilized  in  assessing  the 
effect  of  introduction  of  new  preventive  measures,  screening  programs  and 
therapeutic  modalities. 
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Analytic  studies  for  investigative  factors  related  to  cancer  etiology  will  be 
developed.  Special  emphasis  will  be  placed  on  environmental  or  occupational 
determinants  that  can  lead  to  preventive  measures. 

Activities  will  continue  on  the  development  of  methodology  for  the  design  and 
analysis  of  screening  programs.  New  models  for  the  analysis  and  comparison  of 
screening  designs  and  measures  of  effectiveness  will  be  developed.  The  role 
of  length-biased  sampling  in  the  analysis  and  interpretation  of  screening  data 
will  be  studied.  It  is  anticipated  that  the  HIP  breast  cancer  screening 
study,  a  contract  of  the  Biometry  Branch,  will  continue  through  at  least  15 
years  of  follow-up  of  all  breast  cancer  cases,  and  that  the  results  of  model- 
ling research  will  be  applicable  to  the  HIP  data  as  well  as  to  data  from 
screening  programs  for  other  cancers. 
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During  the  past  year,  research  on  stomach  cancer  and  precursor  lesions  continued 
in  Japan,  Hawaii  and  Colombia.  Research  also  continued  on  colorectal  cancer  in 
these  same  areas.  The  Norwegian  migrant  studies  are  continuing  and  a  concerted 
effort  is  being  made  to  analyze  large  sets  of  data  in  Minnesota  and  Norway  which 
is  expected  to  produce  more  useful  information  on  important  dietary  factors 
related  to  gastrointestinal  cancers.  Cancer  mortality  among  Chinese  in  the  United 
States  is  being  studied.  Groups  in  California,  Hawaii  and  New  York  City 
constitute  about  70%  of  the  U.S.  Chinese  population.  Comparisons  with  Chinese  in 
Taiwan  have  been  planned.  The  mortality  experience  of  Chinatowners  in  New  York 
City  and  San  Francisco  has  been  compared  with  that  of  the  general  Chinese 
population.  Another  study  is  in  progress  on  selected  indications  on  health  and 
major  causes  of  death  in  the  People's  Republic  of  China 
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Project  Description 

Objectives: 

To  describe  and  analyze  cancer  morbidity  and  mortality  in  human  populations; 
to  identify  factors  that  may  be  associated  with  the  occurrence  of  cancer; 
and,  to  identify  causative  or  promoting  factors  for  specific  sites  of 
cancer  through  comparison  of  high-risk  with  low-risk  populations,  taking 
advantage  of  natural  experiments  such  as  comparison  of  migrant  groups  with 
their  countries  of  origin. 

Methods  Employed: 

Several  different  studies  are  reported  here.  Therefore,  a  variety  of  methods 

are  being  used.  Where  appropriate  these  will  be  described  in  the  following 

sections. 

Major  Findings: 

Stomach  Cancer: 

Incidence  and  mortality  rates  for  stomach  cancer  in  Japan  are  among  the 
highest  in  the  world.  In  contrast,  the  corresponding  rates  for  the  United 
States  are  relatively  low,  even  among  the  Japanese  migrants  to  Hawaii.  A 
cohort  of  8,000  men  of  Japanese  ancestry,  living  in  Hawaii,  has  been 
followed  since  the  mid-1 960 's  to  relate  the  dietary  factors  as  well  as  a 
host  of  demographic  and  medical  variables  to  the  occurrence  of  certain 
cancers.  Thus  far,  approximately  90  cases  of  stomach  cancer  have  occurred 
among  this  cohort.  Analysis  of  these  data  has  failed  to  reveal  any  strong 
relationships,  but  there  is  a  suggestion  that  the  occurrence  of  stomach 
cancer  is  related  to  the  consumption  of  salted  fish  and  pickled  vegetables. 
There  is  also  a  significantly  greater  proportion  of  current  smokers  among 
the  stomach  cancer  cases  than  among  the  non-cases  and  a  greater  proportion 
with  lower  socioeconomic  level.  More  detailed  analyses  of  the  dietary  data 
will  be  carried  out  as  more  stomach  cancer  cases  accumulate. 

Certain  populations  in  southern  Colombia  have  been  shown  to  be  at  wery   high 
risk  for  gastric  cancer,  and  the  frequency  of  premalignant  lesions  correlates 
positively  with  nitrate  levels  in  the  drinking  water,  nitrate  excretion  in 
the  urine,  the  presence  of  nitrite  in  the  gastric  juice  and  the  presence  of 
mutagens  in  the  gastric  juice.  A  significant  increase  in  gastric  juice  pH 
is  observed  when  atrophic  gastritis  is  present.  Measurable  levels  of  nitrite 
are  only  found  in  patients  with  chronic  atrophic  gastritis  and  the  level  is 
significantly  elevated  in  cases  with  metaplasia  and  dysplasia. 

Colon  and  Rectum  Cancer: 

Japanese  migrants  to  the  United  States  have  shown  colon-rectum  cancer  rates 
that  have  increased  from  the  low  level  in  Japan  to  the  high  level  of  United 
States  whites.  An  investigation  of  diet  and  other  environmental  factors  in 
Japan  did  not  find  any  of  the  associations  of  colorectal  cancer  with 
consumption  of  beef,  string  beans  or  starches  as  previously  found  in  a 
similar  study  of  Hawaiian  Japanese.  A  negative  association  with  cabbage 
does  agree  with  other  reports  on  a  negative  association  with  cruciferous, 
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vegetables.  The  failure  to  uncover  other  important  food  effects  in  Japan 
is  attributed  to  the  difficulty  of  detecting  case-control  differences  in 
areas  with  homogeneous  dietary  practices. 

Based  on  the  observed  correlation  between  colorectal  polyps  and  subsequent 
cancer,  investigators  in  New  Orleans  are  continuing  their  studies  of 
premalignant  lesions.  Laboratory  studies  are  continuing  to  find  ways  to 
elaborate  and  test  hypotheses  derived  from  epidemiologic  and  geographic 
pathology  research.  These  include  a  comparative  study  of  mutagenic  activity 
in  fecal  specimens  from  polyp-bearers  and  normal  controls. 

Analysis  of  dietary  factors  in  relation  to  the  occurrence  of  colon  cancer 
among  the  cohort  of  Japanese  men  in  Hawaii  has  also  failed  to  reveal  any 
significant  relationships.  Dietary  data  are  being  receded  to  permit  a  more 
systematic  classification  into  nutritional  components.  It  will  then  be 
possible  to  analyze  the  resulting  data  on  some  150  cases  of  cancer  of  the 
colon  and  rectum.  Members  of  this  cohort  with  low  serum  cholesterol  levels 
at  examination  appear  to  be  at  greater  risk  of  colon  cancer.  This  finding 
is  consistent  with  that  of  several  other  longitudinal  studies  as  revealed 
in  a  conference  held  on  this  issue  by  the  National  Heart,  Lung  and  Blood 
Institute.  This  will  be  the  focus  of  specific  research  activity  during  the 
coming  year  in  an  attempt  to  develop  and  test  hypotheses  for  the  apparent 
inverse  relationship  between  serum  cholesterol  levels  and  colon  cancer. 

Cancer  Mortality  Among  the  Chinese  in  the  United  States: 
The  study  group  includes  Chinese  in  California,  Hawaii,  and  New  York  City, 
constituting  about  70  percent  of  the  1970  entire  Chinese  population  in  the 
United  States.  The  age  distributions  of  study  subjects  by  sex-nativity  in 
the  three  areas  and  that  of  total  U.S.  Chinese  are  quite  similar. 

Cancer  mortality  data  for  the  Chinese,  1968-1972  were  provided  by  the  health 
departments  of  the  three  areas  described  above.  The  total  number  of  1,824 
deaths  (males,  1,262;  females,  562)  included  in  the  study  represents  75.9 
and  79.0  percent  of  those  occurring  among  total  U.S.  Chinese  males  and 
females,  respectively. 

For  comparison  with  Asian  Chinese,  cancer  mortality  data  were  obtained  from 
Taiwan  for  corresponding  years.  The  use  of  Taiwan  findings  in  contrast  with 
those  of  U.S.  Chinese  would  serve  some  useful  purposes.  For  example, 
differences  in  cancer  risk  have  been  reported  between  persons  originating  in 
Fukien  and  others  in  Canton  or  between  dialect  groups.  About  85  percent  of 
the  Taiwan  population  were  Fukienese  origin,  whereas  the  majority  of  U.S. 
Chinese  came  from  Canton  and  its  neighboring  areas.  Among  other  reasons, 
comparison  of  the  mortality  experience  of  U.S.  Chinese  with  that  of  Taiwan 
would  perhaps  sharpen  analysis  of  cancer  risk  among  the  Chinese.  As  an 
example,  a  much  lower  mortality  for  nasopharynx  was  shown  among  Taiwanese 
than  among  U.S.  Chinese,  the  majority  of  whom  came  from  Canton  and  several 
other  counties  in  Kwangtung  Province.  Also,  the  cervix  ratio  for  Taiwan 
represented  a  sharp  increase  since  1959-1962,  perhaps  due  to  a  decrease  in  the 
number  of  physicians  trained  in  the  Japanese  tradition  and  hence,  a  change  in 
diagnostic  practice. 
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Selected  Indications  on  Health  and  Major  Causes  of  Death  in  the  People's 
Republic  of  China: 

This  study  was  made  in  response  to  an  invitation  to  participate  in  a 
forthcoming  two-week-long  China  Population  Analysis  Conference.  The  purpose 
of  the  conference  is  intended  to  explore  the  relevance  of  China's  experience 
in  various  demographic  matters  including  improvement  of  health  and  control  of 
mortality.  Comparisons  will  be  made  with  the  experience  of  Chinese  in  other 
parts  of  the  world,  such  as  U.S.  Chinese. 

Included  in  the  pending  study  are:  Vital  Statistics  in  Modern  China, 
General  Mortality,  Infant  Mortality,  Cancer,  Heart  Disease,  Infective  and 
Parasitic  Diseases,  Mental  Health,  Dental  Health,  Nutrition,  Environmental 
and  Occupational  Health,  Endemic  Diseases,  and  Violent  Causes  of  Death. 

Mortality  Among  Chinatowners  in  San  Francisco  and  New  York  City,  with 
Emphasis  on  Cancer: 

Much  has  been  written  and  more  said  about  the  deviations  in  demographic  and 
socioeconomic  characteristics  of  Chinatowners  from  the  general  Chinese 
population.  This  pioneering  study  is  undertaken  to  test  the  null  hypothesis 
which  states  that  there  is  an  invariable  relationship  between  demographic 
and  socioeconomic  characteristics  and  mortality  levels  among  Chinatowners  and 
the  general  Chinese  population.  If  this  is  valid,  we  would  expect  to  find  a 
great  difference  in  mortality  between  Chinatowners  and  the  general  Chinese 
population.  However,  if  the  observed  mortality  is  found  to  be  generally 
similar  between  the  two  populations,  we  reject  our  null  hypothesis  and 
conclude  that  there  is  no  relationship  between  demographic  and  socioeconomic 
characteristics  and  mortality  levels  among  the  Chinese. 

The  study  period  spanned  over  1969-1973  for  San  Francisco  and  1969-1972  for 
New  York.  Compared  to  the  total  population  in  three  areas  covering  over  70 
percent  of  U.S.  Chinese,  male  and  female  study  subjects  each  represented  one- 
fifth  of  their  counterparts.  The  number  of  deaths  among  male  Chinatowners 
constituted  35  percent  of  that  for  the  general  male  population  in  the  three 
areas,  in  contrast  to  26  percent  for  the  females. 

For  most  diseases,  no  great  disparity  in  mortality  was  exhibited  between  the 
two  Chinese  populations.  However,  a  much  higher  SMR  for  tuberculosis  was 
shown  for  the  study  subjects  than  for  U.S.  Chinese.  One  possible  explanation 
is  that  the  majority  of  males  in  Chinatown  are  service  and  blue-collar  workers 
whose  mortality  from  this  disease  is  commonly  known  to  be  elevated. 

The  SMRs  for  male  Chinatowners  and  U.S.  Chinese  are  quite  similar  for  most 
cancer  sites.  The  lower  mortality  from  nasopharyngeal  cancer  observed  among 
the  study  subjects  than  among  the  general  Chinese  population  is  interesting, 
considering  that  mortality  from  this  cancer  is  known  to  be  invariably 
elevated  among  Chinese  originating  in  the  Canton  area,  the  place  of  birth  of 
most  Chinatowners. 

Mortality  from  cancer  of  the  esophagus  is  known  to  be  common  among  the 
Chinese.  The  relatively  higher  SMR  shown  for  male  study  subjects  than  for  U.S. 
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Chinese  might  be  attributable  to  a  large  proportion  of  Chinatowners  who 
engage  in  such  high  risk  occupations  of  this  disease  as  eating  and  drinking 
places.  For  prostate  cancer,  the  low  risk  for  the  two  Chinese  populations 
is  in  accord  with  the  depressed  mortality  observed  for  Taiwan,  Hongkong,  and 
Singapore. 

Mortality  from  cancer  of  the  lung  is  reported  to  be  invariably  high  among 
Chinese  females  at  home  and  abroad.  The  SMRs  for  the  two  Chinese  populations 
vary  from  40  to  60  percent  over  that  for  U.S.  white  females.  A  host  of 
hypotheses  has  been  suggested  to  explain  such  an  enigma,  including  incense 
smoke,  cooking  vapors,  kerosene  stoves, smoking,  deficiency  in  vitamins  A  and 
C,  low  consumption  of  dark  green  vegetables,  and  such  confounding  factors  of 
social  class  and  dialect  groups. 

For  female  breast  cancer,  both  Chinese  populations  exhibit  a  much  depressed 
ratio  compared  to  their  white  counterparts;  the  noticeably  elevated  SMR  shown 
for  cervical  cancer  among  study  subjects  is  consistent  with  the  high  mortality 
from  this  cancer  observed  among  Asian  Chinese  females. 

Evidently,  the  findings  presented  above  point  to  the  opposite  direction  of  the 
"null  hypothesis"  as  originally  postulated.  The  inconsistency  between  area 
characteristics  and  mortality  levels  may,  in  part,  be  a  reflection  of  the 
unrepresentativeness  of  the  former  for  the  Chinese  whose  mortality  is 
examined  here.  Another  source  of  discrepancy  relates  to  the  operational 
definition  of  Chinatown.  Other  limitations  include  the  changing  population 
composition  of  the  Chinese  and  reliability  of  census  data  on  this  minority. 
Further  comparisons  will  be  made  with  the  cancer  mortality  experience  among 
Chinese  in  Hongkong  and  Singapore. 

Norwegian  Migrant  Study: 

Prospective  follow-up  studies  of  two  basic  cohorts  (one  in  the  USA  and  one  in 
Norway)  are  being  conducted.  Dietary  and  demographic  data  obtained  from 
responses  to  questionnaires  distributed  in  1966-67  form  the  original  baseline 
data  to  be  compared  with  subsequent  histories  of  disease  (via  cause  of  death 
information  from  death  certificates  in  the  USA  and  cancer  registration  as  well 
as  information  on  deaths  from  all  causes  in  Norway). 

The  Lutheran  Brotherhood  study  has  reported  467  cancer  deaths  in  11-1/2  years 
of  follow-up  of  17,818  respondents  (including  2004  whose  policies  lapsedj  to 
the  basic  dietary  interview.  Lung  cancer  deaths  (90)  accounted  for  the  highest 
mortality  for  a  single  cancer  site  followed  by  colon  cancer  (63),  and  prostate 
cancer  (61).  Cancers  of  the  digestive  system  accounted  for  167  of  the  total 
cancer  deaths;  leukemia  and  "other  hematopoietic"  cancers  accounted  for  72 
deaths.  Deaths  from  all  causes  totaled  2305,  of  which  deaths  from  heart 
disease  accounted  for  about  half  (1025). 

Socio-demographic  descriptions  of  the  cohorts  as  well  as  information  on  dietary 
habits  of  the  individuals  followed  in  this  prospective  study  were  provided  in  a 
paper  to  be  published.  The  respondent  cohort  is  more  likely  than  other 
populations  to  have  middle  and  upper  socioeconomic  characteristics,  is  more 
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likely  to  be  married,  and  is  more  likely  to  have  some  college  education.  The 
present  cohort  contains  a  larger  proportion  of  farmers  (31%)  than  is  found  in 
the  U.S.  population  (4%),  and  since  their  dietary  habits  may  be  different 
from  the  non-farmers  they  are  considered  separately  in  many  analyses.  The 
available  data  continue  to  suggest  that  vitamins  A  and  C  are  associated  with 
lower  risk  to  lung  cancer. 

Specific  analyses  of  colorectal  cancer  deaths  (63+14)  have  begun.  At  this 
juncture  preliminary  findings  do  not  indicate  a  lower  risk  of  colorectal 
cancers  among  individuals  with  diets  having  a  high  consumption  of  vegetables 
or  with  high  fiber  consumption.  This  conclusion  is  based  on  11-1/2  years  of 
follow-up  information  and  is  at  variance  with  earlier  preliminary  estimates 
which  were  based  on  few  cases  and  missing  information.  An  association  with 
meat  consumption  and  colorectal  cancer  is  apparent;  however,  the  association 
appears  greatest  for  consumption  of  bacon,  sidepork,  salted  ham/pork,  than 
with  beef.  Norwegian  data  are  also  expected  to  show  increased  risks  for 
consumers  of  processed  meats,  such  as  sausages  and  pork  products. 

Extensive  analyses  are  being  conducted  to  measure  the  degree  of  association 
between  alcohol  consumption  and  cancer  mortality.  There  appears  to  be  a 
strong  association  between  beer  consumption  and  colon  cancer.  An  association 
with  beer  consumption  and  liquor  consumption  is  also  apparent  with  pancreas 
cancer.  However,  statistical  significance  is  lost  for  liquor  consumption, 
when  controlling  for  age,  cigarette  smoking  and  beer  consumption. 

Significance  of  the  Program  to  the  Institute: 

This  program  helps  establish  baselines  for  cancer  mortality  and  morbidity 
in  various  populations  from  which  changes  can  be  measured,  ascertains  trends 
in  risks  which  may  reflect  the  action  of  various  etiologic  agents,  identifies 
high-  and  low-risk  population  groups  which  can  be  studied  and  compared,  and 
provides  observations  on  human  populations  useful  for  correlation  with 
laboratory  studies.  Ad  hoc  investigations  are  undertaken  because  of  unusual 
or  unexpected  findings  from  the  routine  monitoring  of  incidence  and  mortality 
rates. 

The  migrant  population  studies  represent  a  major  biometric  effort  of  the 
Institute.  If  these  studies  elucidate  the  environmental  factors  involved 
in  the  incidence  of  certain  forms  of  cancer  and  indicate  those  which  are 
predominantly  environmental  and  those  which  are  predominantly  genetic,  it  may 
be  possible  to  apply  these  findings  to  the  United  States  population  for 
purposes  of  cancer  prevention  and  cancer  control. 

Proposed  Course  of  the  Project: 

Detailed  analyses  of  the  Japanese-Hawaiian  data  on  diet  in  relation  to  stomach 
and  colon-rectum  cancer  will  be  carried  out.  The  large  volume  of  data  from 
the  Norwegian  migrant  studies,  collected  over  an  11 -year  period,  will  be 
organized  and  systematic  analysis  of  the  dietary  and  environmental  data  will  be 
carried  out.  Cancer  mortality  among  foreign-  and  native-born  Chinese  and 
Japanese  in  the  U.S.  has  been  analyzed  previously,  particularly  for  possible 
transitional  differences  in  cancer  experience.  Incidence  data  from  the  SEER 
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areas  of  San  Francisco  and  Hawaii  will  be  reviewed  for  amplification  of 
mortality  findings.  Other  studies  still  being  contemplated  include  cancer 
risks  and  lifestyle,  a  critical  review  of  epidemiologic  research  on  cancer 
and  related  diseases  in  the  People's  Republic  of  China,  and  a  study  of  cancer 
and  living  habits  among  the  U.S.  Chinese. 
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Project  Description 

Objectives: 

A  major  objective  is  to  provide  consultative  services  in  statistical  and 
epidemiological  methodology  for  the  design,  conduct,  interpretation  and 
evaluation  of  randomized  clinical  trials.  This  objective  includes  pro- 
viding full  statistical  support  for  some  major  clinical  trials  of  treatment. 
For  example,  we  are  currently  involved  in  studies  of  lung,  breast,  testis, 
and  brain  cancer.  A  second  major  objective  is  to  provide  consultation  and 
scientific  collaboration  with  investigators  conducting  other  types  of  studies 
requiring  statistical  expertise.  Some  current  examples  include  a  study  of  the 
psychological  aspects  of  breast  cancer,  an  evaluation  of  hospice  care  for 
patients  with  terminal  cancer,  analysis  of  data  from  a  registry  of  patients 
with  mycosis  fungoides,  and  non-randomized  comparisons  of  radiotherapy  with 
endocrine  treatment  for  patients  with  prostate  cancer. 

Methods  Employed: 

Standard  methods  of  biometry,  statistics,  probability,  epidemiology,  and 
computing  techniques  with  necessary  modification  as  required  by  the  particular 
problem.  New  techniques  are  developed  by  the  personnel  working  in  the  Section 
to  handle  specific  problems  (see  Project.  No.  ZOl -CP-04409-05-B) . 

The  most  important  projects  of  the  Section  will  be  described  separately.  Gen- 
erally, in  consultations  on  clinical  trials,  members  of  the  Section  assist  the 
investigators  in  developing  detailed  study  protocols,  in  determining  the 
numbers  of  patients  necessary  for  the  study,  in  deciding  what  data  should  be 
recorded  and  at  what  intervals  in  time,  and  in  developing  forms  for  the  re- 
cording of  data.  They  advise  on  proper  methods  of  analysis  of  the  final 
data  or  undertake  these  analyses  themselves.  Such  assistance  is  generally 
acknowledged  in  the  publication  of  findings  by  the  medical  investigators. 

Prostate  Cancer: 

Carefully  collected  data  on  over  4000  patients  with  prostate  cancer  were  ob- 
tained from  the  randomized  clinical  trials  conducted  by  the  Veterans 
Administration  Cooperative  Urological  Research  Group  between  1960  and  1975. 
Dr.  Byar  and  Mr.  Corle  continue  to  analyze  this  valuable  set  of  data.  During 
this  year  special  analyses  have  been  carried  out  to  determine  if  the  data 
support  the  idea  that  transurethal  resection  accelerates  the  spread  of  cancer. 
Other  analyses  have  been  designed  to  distinguish  between  two  possible  modes  of 
action  for  estrogens,  either  an  effect  mainly  limited  to  a  subset  of  patients 
or  a  general  decrease  of  tumor  growth  rate  for  all  patients.  A  detailed 
study  of  the  prognostic  significance  of  acid  phosphatase  as  a  tumor  marker  has 
been  undertaken.  The  meaning  of  values  in  the  normal  range  has  received  special 
attention  in  order  to  relate  our  results  to  data  recently  published  on  the 
more  sensitive  radioimmunoassays. 
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Drs.  Byar  and  Green  have  extended  previous  work  on  selecting  optimal 
treatment  for  patients  with  prostate  cancer  (stage  III  and  IV)  based  on  prog- 
nostic factors.  They  showed  that  a  decision  as  to  whether  estrogen  therapy 
or  placebo  is  the  treatment  of  choice  may  be  based  on  the  stage-grade  cate- 
gory of  the  tumor  and  patient's  age. 

Testicular  Cancer: 

Dr.  Green  is  responsible  for  study  design,  implementation  and  analysis  of  the 
Intergroup  Study  of  Testicular  Cancer,  a  nationwide  randomized  trial  comparing 
adjuvant  combination  chemotherapy  following  surgery  for  resectable  stage  II 
disease  versus  using  chemotherapy  only  for  relapses.  This  study  is  also 
following  stage  I  patients  to  determine  factors  which  may  predict  which  tumors 
will  recur.  Patient  accrual  is  continuing  and  initial  processing  of  the  data 
has  begun. 

Data  Center  for  Breast  Cancer  Studies: 

Considerable  work  was  accomplished  on  this  project  during  the  past  year  and  at 
present  we  have  data  on  some  2,300  women  with  breast  cancer  who  have  also  had 
estrogen  receptor  studies  performed.  Analyses  of  these  data  have  revealed 
that  estrogen  receptor  values  in  primary  breast  cancer  have  prognostic  sig- 
nificance even  in  the  absence  of  endocrine  therapy.  Also,  serum  and  back- 
ground data  have  been  collected  from  women  for  evaluation  of  biological 
markers  for  breast  cancer  in  cooperation  with  the  Marker  Group  of  the  Breast 
Cancer  Task  Force.  Serum  samples  and  data  on  some  7,400  women  have  been 
collected  and  stored  at  the  Mayo  Clinic  and  several  panels  of  sera  have 
already  been  sent  out  for  analysis.  The  Section  is  responsible  for  the 
collection,  editing,  and  analysis  of  all  data,  and  for  providing  a  continually 
updated  inventory  of  material  in  the  serum  bank.  This  project  will  be 
continued  for  a  number  of  years. 

Psychological  Aspects  of  Breast  Cancer: 

Dr.  Muenz  is  chief  statistician  for  a  large  prospective  epidemiological  study 
designed  to  assess  psychological  consequences  of  mastectomy.  Data  collection 
on  that  study  has  now  ended;  1713  women  in  four  study  groups  (mastectomy  and 
three  control  groups)  have  responded  to  questionnaires  and  received  ratings 
indicating  their  emotional  state  at  various  times  during  the  year  following 
surgery.  The  analyses  of  these  data  are  nearly  complete  with  the  following 
conclusions:  1)  There  is  a  consistent  pattern  of  enhanced  distress  among 
those  with  stage  II  (node  positive)  breast  cancer  compared  to  those  in  stage  I 
(node  negative).  After  that,  in  order  of  decreasing  distress  are  found  the 
cholecystectomy  group  (nearly  tied  with  the  stage  I  group),  then  the  benign 
biopsy  and  healthy  controls  at  low,  nearly  equal  levels.  This  ordering  holds 
for  various  measures  of  distress.  2)  The  differences,  while  highly  significant, 
are  often  very  small.  3)  There  is  little  change  in  distress  over  the  course 
of  the  year  following  surgery,  i.e.,  the  psychological  instrument  scores  re- 
main nearly  constant.  4)  Higher  education/income  and  older  age  contribute  to 
diminished  distress. 
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Inflammatory  Cancer  of  the  Breast   in  Tunisia: 

Work  on   the  extremely  aggressive  form  of  inflammatory  breast  cancer  found   in 
Tunisia   has  continued,   with  Dr.   Muenz  as  the  principal    statistician.     A 
paper  on  the  epidemiology  of  this  disease   has   been  accepted   for  publication. 
Entry  into   the  previously  described  clinical    trial    has  closed;   two  years 
follow-up  confirms  the   impression  that  chemotherapy  is   highly  effective   in  re- 
ducing tumor  volume,   and   that  there   is  little  difference   in  two  modes 
(radiotherapy  or   surgery)   of  local    tumor  control.     There   is  also  little  evi- 
dence that  chemotherapy  administered  before  local    treatment  is  effective  in 
prolonging  the  time  until    distant  dissemination. 

A  Cooperative  European  Study  of  Surgery  with  and  without  Radiotherapy  for 
Stage  II   Breast  Cancer: 

Since   its   inception   in  1974,    Dr.   Muenz   has   been  the  chief  statistician  for  a 
prospective,    randomized   trial   of  breast  cancer  therapy.     There   has  now  been 
an  average  of  two  years  of  follow-up  for  the  most  recently  admitted  of  the 
300  patients   in  this   study  and   the  following  conclusions   have  emerged: 
1)   There   is  no   significant  difference  between  the  two   treatment  groups   for 
time  to  distant  metastasis  or  death.      2)   There   is  a   large  and   highly  sig- 
nificant difference  favoring  radiotherapy  for  time  to  local    (chest  wall    or 
supraclavicular  node)  recurrence.     3)     The  benefit  of  radiotherapy  was 
confined  to     patients  with  poorly  differentiated  large  tumors  or  with  tumors 
close  to  the  internal  mammary  chain. 

Trials   for  Lung  Cancer: 

Drs.   Gail   and  Rubinstein  are  statisticians   for  the  Lung  Cancer  Study  Group, 
which  is  comprised  of  six  major  centers  with  the  capacity  to  recruit  over 
150  stage  I  lung  cancer  patients  per  year.     Four  prospective  randomized  trials 
are   in   progress.      Dr.   Gail    is   responsible  for  three  protocols.     The  first,  a 
double-blind  trial   of  intrathoracic  BCG  immunotherapy  versus  conventional 
therapy  in   stage  I    patients  with  resected  disease  has   nearly  completed   its 
accrual    phase,   with  over  350  patients  on   study.     Reports  on  toxicity,   effects 
on   immunologic   parameters,   and  treatment  effectiveness  will    be  prepared  as 
necessary  information   becomes  available.     The  second   is  a  three-arm  com- 
parison of  radiotherapy,   radiotherapy  plus  Levamisole,   and  conventional 
therapy  in  stage  II/III  resectable  patients  with  squamous  cell   disease.     The 
third  study  compares  a   regime  of  cis-platinum,   adriamycin  and  Cytoxan   (CAP) 
with  BCG  plus   Levamisole   in  stage   II/III   patients  with  resectable  adeno- 
carcinoma or  large  cell   carcinoma.     Dr.   Rubinstein  is  responsible  for  a  three 
arm  protocol    comparing  CAP,   CAP   plus  radiotherapy  and  radiotherapy  alone   in 
patients  with  partially  resected  non-small   cell    lung  cancer.     In  addition. 
Dr.   Rubinstein   is   surveying  reasons   for  non-entry  into   present  Lung   Cancer 
Study  Group  trials    in  an   effort  to   improve  accrual    and  studying  characteris- 
tics of  the  available  patient  population   for  accrual    into  future  trials. 
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Brain  Tumors: 

Drs.  Green  and  Byar  have  been  collaborating  with  the  Brain  Tumor  Study  Group 
on  analysis  of  data  from  a  number  of  large  scale  clinical  trials.  These  in- 
clude phase  III  clinical  trials  for  therapy  for  malignant  glioma  using  a  vari- 
ety of  treatment  regimens  (chemotherapy  and  radiotherapy)  and  phase  II  trials 
for  brain  tumors  (both  primary  and  metastatic).  Of  particular  importance  in 
these  analyses  is  adjustment  of  treatment  comparisons  using  prognostic  factors. 

Mycosis  Fungoides: 

Drs,  Green  and  Byar,  in  collaboration  with  Dr.  Stanford  Lamberg  of  Johns 
Hopkins  University,  have  performed  a  detailed  analysis  of  data  on  376  patients, 
registered  by  the  Mycosis  Fungoides  Cooperative  Group.  This  registry  in- 
volved patients  from  20  collaborating  institutions  across  the  U.S.  One 
paper  concerning  prognostic  factors  has  appeared  and  a  second,  based  on  multi- 
variate analysis,  has  been  submitted.  Dr.  Byar  is  analyzing  the  prognostic 
importance  of  histological  features  seen  in  biopsy  specimens,  using  previous 
results  to  adjust  these  analyses  for  the  effects  of  other  prognostic 
variabl  es. 

Hospice  Care  for  Terminal  Patients: 

Dr.  Muenz  is  statistician  for  a  cooperative  pilot  study  designed  to  develop 
test  procedures  and  gain  experience  for  a  future  study  of  hospice  care  for 
terminal  cancer  patients.  This  study  will  assess  the  psychological  state  of 
hospice  patients  and  their  immediate  families,  and  measure  attitudes  of  hospice 
staff  concerning  terminal  care.  New  patient  entry  will  close  on  June  30,  1980. 
About  160  patients  have  been  followed  for  a  median  survival  of  one  month  since 
hospice  entry.  Substantial  amounts  of  information  have  been  collected  re- 
garding the  relatives  of  patients  and  their  response  to  the  "family-oriented" 
program  of  each  of  the  three  participating  hospices. 

Urinary  Crystals: 

Drs.  Byar  and  Green  in  collaboration  with  Dr.  James  Elliot  of  the  Stanford 
Veterans  Administration  Hospital  have  continued  to  analyze  data  from  urine 
specimens  to  see  which  physical  characteristics  of  the  urine  were  related  to 
the  presence  of  crystals  in  the  urine.  Using  the  most  recent  data  in  a 
logistic  regression  equation,  they  showed  that  specific  gravity,  conductivity, 
urea,  and  calcium  were  significantly  related  to  the  presence  of  urinary 
crystals.  Using  this  equation  on  the  77  urine  specimens  there  was  excellent 
agreement  between  observed  and  predicted  numbers  of  urines  containing 
crystals. 

Sickle  Cell  Crisis  Trial: 

Dr.  Gail  is  the  statistician  for  a  controlled  clinical  trial  of  carbamide 
(urea)  prophylaxis  against  sickle  cell  crisis.  Approximately  100  homozygous 
S  patients  have  been  recruited  in  Ghana  for  this  study  which  began  in 
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September,  1976.  The  therapy  was  well  tolerated,  but  no  prophylactic  effect 
of  urea  was  detected.  The  final  results  have  been  submitted  for  publication. 

Makari  Skin  Test: 

Dr.  Levin  with  assistance  from  Dr.  Gail  is  serving  as  statistical  consultant 
for  two  proposed  studies  of  the  Makari  Skin  Test.  The  first  evaluates  the 
test  as  an  aid  to  diagnosis,  and  the  second  will  determine  the  prognostic 
value  of  the  test  in  predicting  subsequent  recurrence  of  disease  after  sur- 
gical resection  of  colorectal,  lung,  and  breast  cancer.  These  studies  are 
being  conducted  in  several  collaborating  medical  centers  with  the  assistance 
of  Dr.  Ronald  Herberman,  Chief,  Laboratory  of  Immunodiagnosis,  NCI. 

Dr.  Levin,  in  collaboration  with  Dr.  Susan  Devesa  and  Mr.  Roger  Connelly  of 
the  Biometric  Research  and  Analytic  Studies  Section  of  the  Biometry  Branch, 
has  analyzed  demographic  characteristics  of  patients  with  cancer  of  the 
pancreas.  Material  has  been  presented  to  the  International  Meeting  on  Cancer 
of  the  Pancreas  in  New  Orleans  in  March,  1980,  and  a  publication  is  being 
prepared. 

Other  Consultative  Activities: 

Dr.  Byar  serves  on  the  NCI  Chemoprevention  Coordinating  Group.  This  group  in- 
cludes members  from  several  divisions  and  is  charged  with  advising  the  NCI 
director  and  division  directors  on  scientific  matters  relating  to  chemo- 
prevention. 

Dr.  Gail  and  Dr.  Mclntire  of  the  NCI  Diagnosis  Branch  are  organizing  a  sym- 
posium at  which  statisticians  from  several  centers  will  present  analyses  of  the 
same  problematic  data  sets.  The  aim  of  this  symposium  is  to  improve  quan- 
titative methods  for  the  design  and  analysis  of  clinical  protocols  for  eval- 
uating immunodiagnostic  tests  as  aids  to  diagnosis,  prognosis,  and  monitoring 
of  disease. 

Dr.  Gail,  in  collaboration  with  Dr.  Petrone  at  Georgetown  Medical  School,  has 
analyzed  ankle  injury  data  on  a  series  of  150  patients  to  investigate  the 
prognostic  significance  for  eventual  outcome  of  age,  site  of  the  injury, 
severity  of  the  injury,  nature  of  the  reduction,  and  other  factors. 

Dr.  Green  has  participated  in  a  review  of  projects  on  treatment  of  bovine 
ocular  carcinoma  with  immunotherapy.  His  role  has  been  to  advise  on  issues 
of  experimental  design  and  analysis. 

Dr.  Muenz  is  assisting  Dr.  James  Hunter  of  DCBD  in  analyzing  a  set  of 
experiments  in  which  guinea  pigs  die  with  ascites  after  tumor  cell  injection. 
The  analysis  has  shown  the  dose-response  curves  differ  according  to  the 
animal's  age  and  sex,  and  a  technique  has  been  developed  to  provide 
confidence  intervals  on  the  dose  scale  for  an  observed  number  of  days  until 
the  animal ' s  death. 


1006 


I 


Project  No.  Z01-CP-04260-20-B 

Dr.  Rubinstein  is  assisting  Dr.  Jeffrey  Arbeit  of  NCI  in  analyzing  a  study  of 
alanine  to  glucose  conversion  in  tumor-bearing  and  non-tumor-bearing  rats. 

Dr.  Levin  is  completing  his  work  through  the  Office  of  International  Affairs 
on  collaborative  studies  on  cancer  epidemiology  with  the  Soviet  Union.  He 
is  serving  as  American  editor  for  a  monograph  entitled  "Cancer  Epidemiology 
in  the  U.S.  and  the  USSR".  He  has  participated  in  several  scientific  work- 
shops concerned  with  evaluation  of  cancer  epidemiology  and  design  of  large- 
scale  studies  to  be  conducted  in  the  two  countries. 

Dr.  Levin  is  serving  as  statistician  on  a  study  by  Ms.  Susan  Fisher  of  the  NCI 
Cancer  Nursing  Service  to  study  the  sexual  knowledge  and  attitudes  of  pro- 
fessional nurses  in  the  Cancer  Nursing  Service.  The  purpose  of  the  study  is 
to  help  prepare  nurses  for  the  problems  associated  with  caring  for  cancer 
patients  who  face  "particularly  difficult  psychosexual  adjustment  due  to  the 
disease  and  the  current  treatment  modalities." 

Significance  to  the  Program  of  the  Institute: 

The  variability  of  the  course  of  cancer  in  individual  patients  means  that  the 
assessment  of  treatment  differences,  determination  of  the  usefulness  of  diag- 
nostic tests,  or  the  proper  interpretation  of  data  from  observational  studies 
are  often  statistical  problems.  Members  of  the  Section  are  frequently  con- 
sulted for  advice  or  collaboration  on  such  problems.  Besides  the  projects 
listed  above,  there  are  numerous  other  short-term  consultations  dealing  with 
specific  studies,  proposal  reviews,  site  visits,  and  review  of  manuscripts 
submitted  for  publication.  Some  of  the  consultations  involve  extensive  trials 
which  represent  considerable  efforts  of  the  Cancer  Program.  The  Section 
represents  an  important  resource  for  expert  assistance  in  study  design, 
implementation,  and  statistical  and  computer  analysis  of  studies  being  carried 
out  by  many  other  groups. 

In  any  healthy  research  environment,  individuals  skilled  in  many  disciplines 
are  necessary.  The  Section  provides  expertise  in  statistical  matters  re- 
lating to  the  study  of  cancer  in  humans.  The  ability  to  provide  meaningful 
consultation  is  greatly  enhanced  by  having  four  M.D.'s  in  the  Section  who  are 
also  well-equipped  statisticians.  Members  of  the  Section  are  also  skilled  in 
computer  applications  to  analysis  of  medical  data. 

A  further  advantage  to  the  Institute  is  that  actual  day-to-day  experience  as 
a  statistical  support  center  for  several  large-scale  clinical  trials  and 
active  involvement  in  consultation  on  other  projects  provides  an  ideal  en- 
vironment for  identifying  important  methodological  questions  of  general 
applicability  to  the  design,  conduct,  and  analysis  of  clinical  trials. 

Proposed  Course  of  the  Project: 

In  the  coming  year,  we  plan  to  continue  our  involvement  in  many  of  the  studies 
described  above.  Major  areas  of  emphasis  will  include  the  lung,  testis,  and 
brain  cancer  trials  being  conducted  by  the  DCT;  analysis  of  the  estrogen 
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receptor  data  for  breast  cancer  patients;  and  further  analyses  of  the  prostate   I 
cancer  data. 
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Project  Description 

To  collaborate  with  NCI  scientists  on  the  applications  of  mathematical  sta- 
tistics and  applied  mathematics  to  the  design,  analysis,  and  interpretation 
of  scientific  experiments. 

Objectives 

The  principal  objectives  are  (1)  to  collaborate  with  NCI  scientists  on  mathe- 
matical problems  related  to  cancer  research,  (2)  to  provide  consulting 
assistance  in  statistics  and  applied  mathematics  to  NCI  investigators,  and 
(3)  to  accelerate  the  use  of  quantitative  methodology  in  various  aspects  of 
the  NCI  intramural  program  and  extramural  program. 

Methods  Employed 

The  Methodology  of  applied  mathematics,  mathematical  statistics  and  proba- 
bility is  applied  to  biomedical  problems.  Often  variations  of  existing 
techniques  are  developed  to  suit  the  special  requirements  of  a  particular 
problem. 

Major  Findings 

During  this  year  the  staff  advised  and  collaborated  with  many  investigators 
in  the  major  divisions  of  research  in  the  National  Cancer  Institute  as  well 
as  some  outside  contractors  and  other  government  agencies.  The  various 
projects  are  grouped  below  in  terms  of  the  Divisions  and  Areas  of  the  projects. 

Division  of  Cancer  Cause  and  Prevention:  Field  Studies  and  Statistics 

Dr.  Gart  has  been  designing  the  statistical  analyses  of  NCI  supported  epidemi- 
ologic studies,  being  done  in  Minnesota  and  Norway,  of  the  relationship  to 
cancer  deaths  of  beer,  alcohol,  vitamins  A  and  C,  and  other  dietary  variables. 
He  is  collaborating  on  this  project  with  Dr.  Erik  Bjelke  of  the  Universities 
of  Minnesota  and  Bergen  and  Mr.  Joseph  Scotto  of  the  Biometry  Branch. 
Mrs.  Smith  is  doing  extensive  computer  programming  on  this  project  and 
Mr.  Thomas  has  written  a  computer  program  for  estimating  the  parameters  mea- 
suring the  possible  effect  as  well  as  adjusting  for  competing  risk  and 
follow  up. 

Dr.  Tarone  continued  to  collaborate  with  Dr.  Howard  M.  Hayes  and  Dr.  Robert  N. 
Hoover  of  the  Environmental  Epidemiology  Branch  on  an  investigation  of  the 
relationship  between  industrialization  and  geographic  variation  in  bladder 
cancer  in  dogs. 

Dr.  Connor  is  a  member  of  a  Biometry  Research  group  developing  a  system  for 
the  monitoring  of  cancer  incidence  data  being  collected  by  the  SEER  program. 

Mr.  Nam  and  Mr.  Scotto  of  the  Biometry  Branch  completed  their  study  of  skin 
melanoma  incidence  in  the  United  States  with  regard  to  seasonal  patterns. 
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Mr.  Nam  continues  to  collaborate  with  Mr.  Scotto  on  the  statistical  analysis 
of  recent  non-melanoma  data  from  the  Skin  Cancer  Incidence  Data  System. 

Dr.  Connor,  Dr.  Philip  Prorok,  Biometric  Research  and  Analytic  Studies  Sec- 
tion, and  Dr.  Thomas  Mason,  Environmental  Epidemiology  Branch,  are  collabo- 
rating with  the  medical  staff  at  the  DuPont  Chambers  Works  plant  on  a  study 
of  the  Chambers  Works'  Bladder  Cancer  Screening  Program. 

Dr.  Connor  assisted  Dr.  Mark  Greene,  Environmental  Epidemiology  Branch,  in  a 
study  of  survival  times  for  patients  with  malignant  melanomas. 

Mr.  Thomas  maintained  and  modified  the  section's  library  of  computer  routines 
and  advised  various  staff  members  on  their  use  as  well  as  other  technical 
aspects  of  computer  programming.  Again  this  year,  numerous  computer  instal- 
lations throughout  the  world  have  requested  and  received  copies  of  the 
computer  programs  used  and  developed  in  this  section. 

Mrs.  Smith  did  much  of  the  data  processing  and  support  work  for  many  of  the 
consulting  projects  detailed  herein. 

Dr.  Gart  continued  to  ser\/e   on  the  FS&S  Program  Review  Group. 

Division  of  Cancer  Cause  and  Prevention  -  Carcinogenesis  Research 

Dr.  Tarone  collaborates  with  Dr.  Umberto  Saffiotti  and  Mr.  Paul  J.  Donovan 
of  the  Laboratory  of  Experimental  Pathology  with  the  design  and  statistical 
analysis  of  bacterial  assays  to  study  the  combined  mutagenic  effect  of 
mixtures  of  several  known  mutagens. 

Dr.  Pettigrew,  in  conjunction  with  Dr.  Carl  Smith,  has  continued  to  provide 
statistical  consultation  on  the  design  and  analysis  of  experiments  conducted 
under  contract  by  Dr.  Albert  Segaloff  of  the  Alton  Ochsner  Medical  Foundation, 
New  Orleans,  Louisiana.  A  manuscript  reporting  the  results  of  an  experiment 
to  investigate  the  apparent  protective  effect  of  early  pregnancy  on  mammary 
tumor  incidence  has  been  submitted  for  publication.  Additional  manuscripts 
are  being  prepared  to  report  the  results  of  experiments  to  study  the  effects 
of  fractionated  doses  of  radiation  on  the  synergism  between  X-irradiation 
and  DES  admini station  in  mammary  carcinogenesis. 

Mr.  Nam  and  Dr.  Gart  concluded  several  years  of  elaborated  extensive  statis- 
tical analyses  of  a  large  scale  NCI  chronic  toxicity  study  of  fifteen 
environmental  and  industrial  chemicals  tested  in  Charles  River  CD  rats.  A 
paper  co-authored  by  Dr.  Elizabeth  K.  Weisburger  of  the  Laboratory  of  Car- 
cinogen Metabolism  has  been  submitted  for  publication. 

Dr.  Tarone  continues  to  collaborate  with  Dr.  Kenneth  H.  Kraemer  of  the 
Laboratory  of  Molecular  Carcinogenesis  in  a  study  of  the  effects  of  in  vitro 
exposure  to  8-methoxypsoralen  and  ultraviolet  light  on  human  lymphoid  cells, 
and  in  a  study  of  aryl  hydrocarbon  hydroxylase  induction  levels  in  psoriasis 
patients. 
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Dr.  Connor  is  working  with  Drs.  Curtis  Harris  and  Herman  Autrup,  Human 
Tissues  Study  Section,  and  members  of  the  University  of  Maryland  Medical 
Center  on  a  project  investigating  the  association  of  epidemiologic  factors 
and  results  of  tissue  explant  binding  experiments. 

Dr.  Miriam  Poirier,  Laboratory  of  Experimental  Pathology,  and  Dr.  Connor  have 
prepared  a  paper  on  radioimmunoassay  methods.  This  is  to  be  published  in  a 
book  on  Immunochemical  Methods. 

Dr.  Paul  Levine,  Clinical  Studies  Section,  and  Dr.  Connor,  are  completing  a 
paper  summarizing  their  work  on  cell -mediated  immunity  and  severity  of 
disease. 

Mr.  Nam  continues  to  provide  statistical  advice  to  Dr.  Richard  Yamamoto  of 
the  Laboratory  of  Carcinogen  Metabolism  on  the  design  and  statistical  analy- 
sis of  laboratory  experiments. 

National  Toxicology  Program  -  Carcinogenesis  Testing 

Dr.  Tarone  collaborated  with  Dr.  Kenneth  C.  Chu  of  the  Technical  Resources 
Branch  and  Dr.  Virginia  Dunkel  of  the  Food  and  Drug  Administration  on  a 
paper  concerning  the  evaluation  of  microbial  mutagenicity  assays.  He  also 
continued  to  collaborate  with  Dr.  Thomas  Cameron  on  a  study  comparing  pros- 
tate tumor  rates  and  breeding  efficiences  of  two  strains  of  rats. 

Dr.  Tarone  is  collaborating  with  Dr.  Jerrold  M.  Ward  of  the  Tumor  Pathology 
Branch  on  a  study  of  within  laboratory  and  between  laboratory  variation  in 
control  tumor  rates  for  B6C3F1  mice  and  F344  rats  used  in  carcinogenesis 
bioassay  experiments. 

Dr.  Gart,  Mr.  Nam,  Dr.  Pettigrew,  and  Dr.  Tarone  received  an  NCI  special 
achievement  award  for  their  work  as  members  of  the  Data  Evaluation  Group  of 
the  Carcinogenesis  Testing  Program. 

Division  of  Cancer  Cause  and  Prevention  -  Viral  Oncology 

Dr.  Tarone  continues  to  work  on  the  design  and  statistical  analysis  of  experi- 
ments performed  by  Dr.  Katherine  Sanford,  Dr.  Raymond  Gantt,  Dr.  William 
Taylor  and  Mr.  Gary  Jones  of  the  Laboratory  of  Cellular  and  Molecular  Biology 
and  Dr.  Ram  Parshad  of  the  Howard  University  College  of  Medicine.  These 
experiments  are  performed  to  investigate  factors  which  influence  fluorescent 
light-induced  chromosome  damage  in  human  and  mouse  cells  in  culture.  Dr. 
Tarone  also  collaborated  with  Dr.  Ruth  Merwin  of  the  Laboratory  of  Cellular 
and  Molecular  Biology  with  the  statistical  analysis  of  experiments  designed 
to  study  factors  associated  with  surface  immunoglobulin  measurements  in  mouse 
tumors. 

Division  of  Cancer  Biology  and  Diagnosis 

Dr.  Tarone  continues  his  collaboration  with  Dr.  Jay  H.  Robbins,  Dr.  Alan  N. 
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Moshell  and  Ms.  Susanna  F.  Barrett  of  the  Dermatology  Branch  in  their  experi- 
ments performed  to  study  the  survival  of  cultured  lymphocyte  and  fibroblast 
cell  lines  from  xeroderma  pigmentosum  patients  after  exposure  to  ultraviolet 
light.  He  is  also  collaborating  with  Dr.  Robbins,  Dr.  Moshell  and  Dr.  Ronald 
G.  Scarpinato  on  studies  of  the  hyper  sensitivity  to  X-ray  of  cultured 
lymphocytes  from  patients  with  a  variety  of  heredodegenerative  neurological 
diseases. 

Dr.  Connor  advised  Dr.  Diane  Baraschi ,  Visiting  Fellow  in  the  Laboratory  of 
Immunobiology,  on  various  statistical  problems  in  her  research. 

Drs.  Norman  Kasuda  and  John  Wunderlich,  Immunobiology  Branch,  and  Dr.  Connor 
continue  their  collaboration  in  studies  of  precursors  of  cytotoxic  lymphocytes. 

Dr.  Pettigrew  has  advised  Drs.  Tanner  and  Levis  of  the  Dermatology  Branch  on 
the  statistical  analysis  of  immune  response  data. 

Dr.  Pettigrew  has  consulted  with  Dr.  Eric  P.  Lester  of  the  Laboratory  of 
Pathophysiology  on  the  interpretation  of  patterns  obtained  from  autoradio- 
graphs  made  from  two-dimensional  electrophoresis  gels. 

Dr.-  Pettigrew  is  advising  Dr.  Walter  Lewko  of  the  Laboratory  of  Pathophysi- 
ology on  the  analysis  of  data  from  an  experiment  to  study  the  effect  of  cis- 
hydroxyproline  on  the  growth  of  NMU  induced  mammary  tumors. 

Dr.  Tarone  advised  Dr.  Bruce  Wetzel  of  the  Dermatology  Branch  on  the  design 
and  statistical  analysis  of  experiments  performed  to  study  morphological 
differences  among  cells  from  various  phases  of  the  proliferative  cycle. 

Dr.  Ronald  Herberman,  Laboratory  of  Immunodiagnosis,  and  Dr.  Connor  continued 
their  collaborative  efforts  on  various  immunologic  studies.  Others  involved 
include:  Drs.  James  Jett,  Thomas  Hoffman  and  Luigi  Varesio  of  the  Laboratory 
and  Dr.  Grace  Cannon  of  Litton-Bionetics. 

Dr.  Connor  is  starting  a  collaborative  study  with  Drs.  Lewis  Lipkin  and 
Peter  Lemkin,  Image  Processing  Unit,  on  the  use  of  two-dimensional  gel 
electrophoresis. 

Dr.  Connor  with  Dr.  James  Reid,  Naval  Regional  Medical  Center  -  Portsmouth, 
Virginia,  Dr.  Elliot  Perlin,  National  Naval  Medical  Center,  and  Dr.  Ronald 
Herberman,  Laboratory  of  Immunodiagnosis  are  continuing  their  cooperative 
efforts  on  a  lung  cancer  immunotherapy  trial. 

Alroy  M.  Smith  acted  as  a  liason  and  continued  to  provide  programming  assist- 
ance to  Dr.  Mearl  F.  Stanton,  Laboratory  of  Pathology,  and  Dr.  Maxwell  Layard 
in  studying  the  relationship  of  particle  size  of  various  fibrous  minerals  and 
the  induction  of  mesotheliomas  in  rat  lungs.  Some  seventy- two  (72)  compounds 
have  been  tested  to  date. 

Division  of  Cancer  Treatment 
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Dr.  Tarone  continues  to  provide  statistical  consultation  to  Dr.  Louis  Modes 
of  the  Pharmaceutical  Resources  Branch  concerning  methods  of  predicting 
pharmacological  activity  of  potential  anticancer  drugs  based  on  their  chemi- 
cal structure. 

Dr.  Tarone  continued  to  assist  Dr.  Matthews  0.  Bradley  of  the  Laboratory  of 
Molecular  Pharmacology  with  the  design  and  statistical  analysis  of  in  vitro 
mammalian  cell  assays  for  mutagenicity. 

Dr.  Tarone  continued  to  provide  statistical  assistance  to  Dr.  Martin  Popp  of 
the  Surgery  Branch  in  experiments  studying  the  use  of  intravenous  alimenta- 
tion to  prevent  cachexia  in  tumor  bearing  rats. 

Various  Other  Activities 

Dr.  Pettigrew  is  serving  on  the  National  Research  Council,  Assembly  of  Life 
Sciences,  Board  on  Toxicology  and  Environmental  Health  Hazards,  Committee  on 
Alkyl  Benzene  Derivatives,  to  prepare  a  report  on  these  chemicals  for  the 
Environmental  Protection  Agency. 

Dr.  Gart  serves  on  two  significant  working  groups  of  the  Bureau  of  Foods  of 
the  FDA.  These  groups  are  charged  with  the  interpretation  of  the  results  of 
animal  experiments  evaluating  the  possible  carcinogenicity  of  FD&C  Red  No.  40 
and  sodium  nitrite.  Mrs.  Smith  and  Mr.  Thomas  have  assisted  Dr.  Gart  in  the 
considerable  statistical  analyses  done  in  this  connection. 

Dr.  Pettigrew  is  serving  as  a  member  of  the  Interagency  Regulatory  Liason 
Group  (IRLG)  to  review  the  NCTR/FDA  EDq^  study. 

Dr.  Gart  wrote  an  appendix  on  mathematical  models  for  a  National  Research 
Council  Report  on  a  Maritime  Hazardous  Material. 

Dr.  Connor  continues  to  serve  as  a  Consultant  to  the  Immunology-Microbiology 
Device  Classification  Panel,  Bureau  of  Medical  Devices,  FDA. 

Dr.  Connor  advised  Dr.  Kearby  Fugate,  Dr.  S.  K.  Vadlamudi  and  Mr.  Henry  Lee, 
Bureau  of  Medical  Devices,  FDA,  in  relation  to  statistical  problems  in  evalu- 
ating tests  for  spina  bifida  and  other  neural  tube  defects. 

Dr.  Pettigrew  served  on  a  site  visit  team  for  the  Safety  and  Occupational 
Health  Study  Section  of  the  National  Institute  for  Occupational  Safety  and 
Health  (NIOSH),  to  review  a  grant  application  for  a  study  of  Beryllium 
workers  by  investigators  at  Massachusetts  General  Hospital,  Boston,  Massa- 
chusetts. 

Dr.  Pettigrew  is  a  member  of  an  Ad  Hoc  Committee  to  review  responses  to  an 
announcement  regarding  a  study  of  Survivors  of  Childhood  Cancer  by  the  Bio- 
metric  Research  and  Analytic  Studies  Section,  Biometry  Branch,  Field  Studies 
and  Statistics,  Division  of  Cancer  Cause  and  Prevention. 
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Dr.  Pettigrew  assisted  the  Office  of  the  General  Counsel,  Food  and  Drug 
Administration,  in  developing  further  evidence  on  certain  issues  relating 
to  the  safety  of  cyclamates,  pursuant  to  the  FDA  commissioner's  remand  order 
following  the  original  formal  evidentiary  public  hearing. 

Mr.  Nam  and  Dr.  Connor  completed  their  review  and  analysis  of  a  Proctor  and 
Gamble  Corporation  statement  on  the  carcinogenicity  of  NTA  for  Dr.  Marvin 
Schneiderman,  Associate  Director  for  Science  Policy. 

Dr.  Tarone  consulted  with  Dr.  Rolf  Ulvestad  of  the  Communicative  Disorders 
Program,  National  Institute  of  Neurological  and  Communicative  Disorders  and 
Stroke,  on  the  statistical  analysis  of  experiments  on  the  habituation  of 
induced  nystagmus  in  cats. 

Dr.  Connor  consulted  with  Dr.  David  Steinmuller,  Department  of  Immunology, 
Mayo  Clinic,  on  the  statistical  analysis  and  interpretation  of  pancreatic 
transplant  survival  data. 

Mr.  Thomas  advised  several  researchers  on  implementation  of  computer  programs; 
among  them,  Ms.  Denice  Roe  of  UCLA. 

Dr.  Pettigrew  served  on  a  Qualifications  Review  Board  for  the  National  Insti- 
tute of  Child  Health  and  Human  Development  (NICHHD)  to  rank  candidates  for  a 
position  in  the  Institute's  Biometry  Branch. 

Referee ing 

Dr.  Connor  refereed  for  the  American  Journal  of  Public  Health.  Dr.  Connor, 
Dr.  Tarone,  and  Mr.  Nam  refereed  for  the  Journal  of  the  National  Cancer 
Institute. 

Significance  to  the  Problem  to  the  Institute 

Members  of  this  section  are  assuming  an  essential  role  in  much  research  within 
the  National  Cancer  Institute.  Their  activities  include  not  only  statistical 
analysis  but  also  planning  of  valid  experiments. 

Proposed  Course  of  the  Projects 

Several  of  the  projects  mentioned  in  the  Major  Findings  section  will  continue. 
In  particular  the  collaboration  with  the  various  projects  in  epidemiology 
within  Field  Studies  and  Statistics,  as  well  as  in  the  Carcinogenesis  Research 
Area,  the  Division  of  Cancer  Biology  and  Diagnosis,  and  other  areas  will  be 
progressing. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

It  is  the  purpose  of  this  project  to  conduct  research  in  mathematical  statis- 
ti cs ,  probability  and  applied  mathematics  and  especially  to  develop  new 
statistical  methodology  which  is  particularly  applicable  to  the  biomedical 
sciences.  Particular  subjects  of  interest  are  the  methodology  of  analyzing 
survival  curves  and  proportions,  statistical  methods  in  cancer  screening  models 
and  in  cancer  epidemiology,  such  as  the  analysis  of  the  relative  risk. 
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Objectives: 


To  conduct  research  in  mathematical  statistics,  probability,  and  applied 
mathematical  statistics;  to  develop  new  statistical  methodology  which  is 
especially  appropriate  to  bio-medical  sciences. 

Methods  Employed: 

The  methods  employed  are  the  modern  theories  of  mathematical  statistics, 
probability,  and  applied  mathematics.  High  speed  electronic  computers  are 
often  used  to  compute  appropriate  mathematical  tables  and  to  test  approxi- 
mations by  simulation  techniques. 

Major  Findings: 

The  research  of  the  members  of  this  section  covers  a  wide  spectrum  of  topics 
in  mathematical  statistics,  probability,  and  applied  mathematics.  These  are 
summarized  below. 

John  J.  Gart  and  Robert  E.  Tarone  have  written  a  paper  presenting  methods 
which  simplify  the  derivation  of  score  test  statistics  for  a  wide  range  of 
models  frequently  encountered  in  biometric  applications. 

Robert  E.  Tarone  completed  a  paper  reporting  on  a  study  of  methods  for  com- 
bining estimators  of  relative  risk  from  prospective,  stratified  data.  He 
has  derived  a  new  and  useful  estimator  of  summary  relative  risk  for  strati- 
fied incidence  or  mortality  data.  Dr.  Tarone  continues  to  investigate 
optimal  designs  and  methods  for  evaluating  bacterial  assays  for  chemical 
mutagenicity,  particularly  with  regard  to  the  detection  of  possible  syner- 
gism of  low  levels  of  known  carcinogens.  Dr.  Tarone  has  also  continued  his 
investigations  of  distribution-free  tests  of  censored  distributions  and 
methods  of  computing  simultaneous  confidence  intervals  for  several  normal 
means  when  the  sample  sizes  are  unequal. 

Robert  J.  Connor  has  continued  his  study  of  adjusting  for  missing  values  in 
Friedman's  rank  sum  test  and  in  the  aligned  rank  sum  tests.  His  work  with 
Philip  Prorok,  Biometrics  Research  and  Analytic  Studies  Section  on  the 
statistical  aspects  of  cancer  screening  is  continuing. 

Hugh  M.  Petti  grew  is  continuing  to  investigate  the  relationship  of  dietary 
habits  on  longevity  and  tumor  incidence  in  laboratory  animals  in  the  car- 
cinogenesis testing  program.  He  is  also  considering  models  for  tumor  growth 
(such  as  the  Gompertz  function),  models  for  mammary  tumor  systems  in  the 
rat,  and  statistical  methods  of  teratogenicity  experiments.  His  research  in 
the  mathematical  theory  of  epidemics  is  also  continuing. 

Donald  G.  Thomas  and  John  J.  Gart  developed  a  stratified  version  of  the 
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program  for  trend  and  homogeneity  analyses  of  proportions  and  life  table 
data.  It  was  developed  for  the  statistical  analysis  of  an  NCI  supported 
Norwegian  epidemiologic  study  by  Dr.  Erik  Bjelke  of  the  University  of  Bergen 
and  should  prove  useful  in  other  prospective  studies.  John  J.  Gart  and 
Donald  G.  Thomas  completed  their  study  of  the  various  approximate  methods  for 
finding  confidence  intervals  for  ratios,  differences,  and  odds  ratios  of 
proportions. 

Jun-mo  Nam  completed  his  research  of  effective  methods  for  identifying  a 
cyclic  trend.  He  has  begun  related  research  on  a  modification  of  the  stan- 
dard test  of  Edwards  for  seasonality.  John  J.  Gart  and  Jun-mo  Nam  completed 
the  writing  of  a  comprehensive  review  paper  of  the  statistical  methodology 
for  genetic  studies  of  HL-A  (human  leukocyte  antigen)  system  and  cancer. 
Jun-mo  Nam  and  John  J.  Gart  are  now  investigating  the  statistical  methods 
for  detecting  HL-A  haplotype  association  with  disease.  Jun-mo  Nam  is  con- 
tinuing his  investigation  of  improved  sample  size  determination  for  detecting 
a  linear  trend  in  proportion.  John  J.  Gart  and  Jun-mo  Nam  have  begun  research 
on  normal  approximations  to  the  variance  test  of  the  Poisson  distribution  for 
^ery   small  means.  Such  methods  are  useful  in  testing  for  overdispersion  in 
the  distribution  of  radiation  induced  chromosome  aberrations. 

John  J.  Gart  is  investigating  the  properties  of  various  estimators  of  the 
relative  risk  for  case-control  with  multiple  matched  controls.  The  bias  and 
relative  efficiency  of  various  estimators  are  calculated. 

Alroy  M.  Smith  provided  computer  programming  support  on  many  of  the  research 
projects  in  the  section. 

John  J.  Gart  served  as  Editor  of  Shorter  Communications  for  Biometrics. 
Robert  E.  Tarone  served  as  an  Associate  Editor  of  the  Journal  of  the  American 
Statistical  Association.  Robert  J.  Connor  and  John  J.  Gart  refereed  for  the 
Journal  of  the  American  Statistical  Association.  John  J.  Gart  refereed  for 
the  American  Journal  of  Epidemiology.  Hugh  M.  Pettigrew  refereed  for  the 
Journal  of  Applied  Probability.  Jun-mo  Nam  served  as  a  member  of  the  awards 
committee,  Chemical  Division,  American  Society  for  Quality  Control. 

Significance  to  the  Program  of  the  Institute 

The  interplay  between  mathematical  theory,  data  analysis  and  experimental 
research  is  an  important  element  in  biomedical  research.  Many  of  the  "Major 
Findings"  reported  above  are  new  statistical  techniques  which  have  or  may  be 
directly  applied  to  data  collected  by  the  medical  researchers  at  NCI,  partic- 
ularly in  DCCP,  or  other  workers  in  cancer  research.  Others  are  mathematical 
models  which  may  also  aid  in  the  planning  of  subsequent  experiments  or  epi- 
demiologic studies.  The  opportunity  for  initiating  fundamental  research  on 
mathematics  and  mathematical  statistics  is  essential  for  enabling  members  of 
the  section  to  achieve  professional  recognition  among  their  peers  in  their 
own  scientific  disciplines.  More  importantly,  the  possibility  of  doing  such 
unconstrained  research  is  a  prerequisite  for  the  consulting  work  of  the  sec- 
tion to  be  carried  out  at  the  highest  professional  level. 
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Proposed  Course  of  the  Project 

Many  of  the  projects  described  in  the  major  findings  will  be  continuing, 
e.g.,  cancer  screening  models  in  humans,  analyses  of  relative  risk  in  case- 
control  studies,  research  on  censored  survival  tests,  and  statistical 
methods  for  teratogenic  and  mutagenic  studies.  Other  research,  not  referred 
to  above,  shall  also  be  initiated;  it  will  include  the  development  of  new 
statistical  methods  and  mathematical  models  in  various  biomedical  problems 
that  come  to  our  attention  during  the  year. 

Publications 

Gart,  J.J.:  Statistical  analyses  of  the  relative  risk.  Env.  Health  Persp. 
31:  in  press,  1979. 

Gart,  J.J.  and  Nam,  J.:  Statistical  methods  for  genetic  studies  of  HLA  and 
cancer.  In  Cornell,  R.G.  (Ed.):  Statistical  Methods  for  Cancer  Studies. 
New  York,  Marcel  Dekker,  1980,  in  press. 

Nam,  J.:  Letter  to  Editor.  Biometrics  35:  523-4,  1979. 

Tarone,  R.E.:  Testing  the  goodness  of  fit  of  the  binomial  distribution. 
Biometrika  66:  585-590,  1979. 

Tarone,  R.E.  and  Gart,  J.J.:  On  the  robustness  of  combined  tests  for  trends 
in  proportions.  J^-  Amer.  Statist.  Assoc.  75:  in  press,  1980. 
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Project  Description 


The  Computer  Science  Section  (1)  plans  and  conducts  research  and  development 
work  independently,  and  in  collaboration  with  computer  scientists  at  other 
research  centers  to  develop  new  and  improved  methodology  in  the  application 
of  computers  to  cancer  research  and  related  programs;  and  (2)  provides 
consultation  and  assistance  in  the  utilization  of  computers  and  related 
methodology  and  technology  to  National  Cancer  Institute  investigators,  and 
as  appropriate,  to  other  governmental  agencies,  private  institutions,  and 
individual  investigators  who  collaborate  with  the  National  Cancer  Institute 
in  its  mission.  Consultation  and  assistance  are  given  on  individual  studies, 
as  well  as  on  multi-center  studies,  involving  epidemiologic,  laboratory  and 
clinical  investigations,  cancer  surveillance  programs,  cancer  control  pro- 
grams, and  information  and  reporting  systems  for  cancer  centers. 

Overview 

The  scope  of  the  Section's  consulting  activities  continues  to  be  primarily 
on  the  Biometry  Branch's  scientific  programs  and  studies,  particularly  the 
Surveillance,  Epidemiology  and  End  Results  Program  (SEER).  In  light  of  recent 
funding  cuts  experienced  by  the  SEER  Program,  the  Biometry  Branch  has  adopted 
a  policy  of  careful  review  of  requests  for  funds  for  all  new  systems  develop- 
ment. Consistent  with  this  policy,  the  Biometry  Branch  likewise  intends  to 
utilize  to  the  fullest  extent  possible,  all  software  available  within  the 
Program  that  has  a  demonstrated  applicability  in  any  of  the  SEER  registries. 
The  Computer  Science  Section  serves  as  the  focal  point  for  coordination  of 
systems  development  activities,  the  implementation  of  computer  program  and 
documentation  standards  and  the  distribution  of  software  modules  to  requesting 
registries.  Several  noteworthy  events  this  year  include  completing  a  core 
Data  Management  System  (SDMS)  for  the  SEER  California  Tumor  Registry, 
adapting  the  SDMS  to  meet  the  processing  requirements  of  the  Louisiana  Tumor 
Registry,  reviewing  the  specifications  and  writing  routines  for  additional 
modules  of  SDMS  to  be  implemented  in  the  Connecticut  Tumor  Registry,  and 
planning  for  further  upgrading  of  SDMS  to  meet  the  unique  requirements  of  the 
Detroit  Area  Tumor  Registry. 

The  Surveillance,  Epidemiology  and  End  Results  Program 

This  year  the  Section  made  significant  progress  with  the  development  of  a 
prototype  data  management  system  for  SEER  Registries  (SDMS).  The  core  sys- 
tem was  installed  in  the  California  Tumor  Registry,  replacing  two  earlier 
systems  and  allowing  the  registry  to  consolidate  their  data  onto  a  single 
data  base.  The  California  registry  generated  its  annual  SEER  data  submission 
tape  using  the  new  system.  Comprehensive  documentation  for  the  California 
version  of  SDMS  was  completed  by  Geomet  Inc.  under  contract  to  NCI, 

The  California  version  of  SDMS  was  subsequently  modified  by  Computer  Science 
Section  (CSS)  staff  and  Connecticut  Cancer  Epidemiology  Unit  staff  to  process 
backlogged  abstracts  from  the  Louisiana  Tumor  Registry.  This  project  pro- 
vided valuable  experience  in  adapting  SDMS  to  other  registries  and  demonstrated 
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the  feasibility  of  using  SDMS  in  small  registries.  CSS  staff  is  working 
closely  with  the  Connecticut  Tumor  Registry  and  the  Connecticut  Cancer  Epi- 
demiology Unit  to  install  SDMS  in  the  Connecticut  Tumor  Registry.  CSS  and 
its  contractor,  Geomet  Inc.,  are  doing  the  computer  programming  required  to 
adapt  major  portions  of  the  system  for  installation  in  Connecticut.  SDMS 
is  expected  to  be  fully  operational  in  Connecticut  next  year. 

The  Computer  Science  Section  is  now  working  with  the  Michigan  Cancer  Founda- 
tion to  install  the  SDMS  in  the  Detroit  Area  Tumor  Registry.  This  project  is 
expected  to  significantly  expand  the  capabilities  of  the  SDMS  with  the  addi- 
tion of  on-line  inquiry,  retrieval  and  reporting  software,  and  possibly  the 
use  of  a  commercial  data-base  management  package.  Detailed  specifications 
and  plans  are  being  compiled  for  these  modifications  and  for  the  conversion 
of  the  Detroit  Registry's  files  for  use  on  the  new  system. 

The  Computer  Science  Section  organized  and  conducted  a  three-day  workshop 
for  the  directors  and  data  processing  managers  of  SEER  Program  participating 
registries.  The  workshop  was  also  attended  by  representatives  of  other  pop- 
ulation-based registries  in  the  United  States  and  England.  The  workshop 
focused  on  the  sharing  of  computer  related  technical  information  and  software. 
CSS  presented  the  results  of  a  survey  which  summarized  the  hardware  and  soft- 
ware presently  used  by  SEER  registries. 

At  the  recommendation  of  the  Computer  Science  Section,  Mary  Cusano  was 
transferred  to  the  Demographic  Analysis  Section  and  Darlene  Naughton  was 
detailed  to  the  Biometric  Research  &  Analytic  Studies  Section  in  order  to 
provide  data  processing  support  services  to  investigators  in  these  sections. 

Mr.  Weiss  continued  his  consultation  with  the  Hawaii  Tumor  Registry,  and  ad- 
vised the  Registry's  systems  analyst  in  carrying  out  a  feasibility  study  for 
a  new  computer  system. 

Mr.  Weiss  and  Mr.  Larson  developed  a  paper,  brochure  and  slide  presentation 
on  Sharing  Software  Among  Tumor  Registries,  which  Mr.  Weiss  presented  at  the 
American  College  of  Surgeons  Workshop  for  Central  Tumor  Registries. 
Mr.  Weiss  also  participated  in  a  meeting  on  the  purpose  and  automation  of 
hospital  registries  sponsored  by  Dr.  William  Terry. 

The  Section  continued  to  provide  support  services  for  processing  the  annual 
December  SEER  submissions.  Ms.  Ruth  Wolfson  functioned  as  the  interface 
between  the  SEER  Program  and  each  SEER  registry  on  all  the  operational  aspects 
of  editing  and  updating  each  registry's  data  file. 

University  of  California,  Irvine 

At  the  request  of  Dr.  Steven  A.  Armentrout,  Chief,  Division  of  Hematology  and 
Oncology,  Mr.  Michael  Stump  provided  consultation  on  the  automation  of  the 
UC  Irvine  Medical  Center  Tumor  Registry.  Following  a  site  visit,  Mr.  Stump 
prepared  a  written  report  addressing  the  issues  of  the  organization,  manage- 
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ment  and  staffing  of  the  registry,  the  recommended  areas  of  and  methods  for 
automating  major  tumor  registry  functions,  an  evaluation  of  the  facilities 
at  local  computer  centers,  and  an  assessment  of  the  Registry's  computer- 
related  staffing  requirements. 

Cancer  Centers  Program 

Mr.  Michael  Stump  continued  to  provide  Cancer  Centers  Program  officials  with 
consultation  in  the  review  and  analysis  of  the  data  management  aspects  of 
the  Statistical  Analysis  and  Quality  Control  (SAQC)  Coordination  Center  con- 
tract. Mr.  Stump  served  on  the  contract  selection  committee  to  evaluate  and 
to  select  a  new  SAQC  contractor. 

NTRA  Workshop 

At  the  request  of  the  Program  Committee,  National  Tumor  Registrar's  Associa- 
tion (NTRA),  Michael  Stump  chaired  a  session  at  the  annual  NTRA  meeting 
entitled  "Is  Data  Processing  in  Your  Registry's  Future?"  The  session  consisted 
of  discussions  of  various  approaches  to  automation,  the  possible  benefits 
derived  from  automation,  and  ways  to  overcome  the  traditional  organizational 
and  managerial  constraints  to  a  successful  automation  project.  Several  ex- 
isting hospital-based  tumor  registry  systems  were  demonstrated. 

Committee  on  Immunodiagnosis 

Altamease  Barnaby  continued  to  serve  as  co-Project  Officer  on  the  computer 
support  contract  to  the  Committee  on  Immunodiagnosis.  Ms.  Barnaby  functioned 
as  the  technical  liason  between  the  contractor  and  Dr.  Ronald  Herberman, 
Chairman  of  the  Immunodiagnosis  Committee.  She  continued  to  schedule  the 
analysis  of  data,  approve  the  technical  approaches  proposed  by  the  contractor 
and  review  all  completed  analyses. 

Office  of  the  Director,  NCI 

Frederick  Cancer  Research  Center,  EDP  Working  Group 

Mr.  Larson  has  been  a  member  of  the  FCRC  EDP  Working  Group  for  six  years. 
This  group  is  comprised  of  consultants  in  the  computer  field  from  the  Office 
of  the  Director,  NCI,  from  the  Viral  Oncology  and  Chemical  Carcinogenesis 
Program  of  the  DCCP,  and  from  the  Division  of  Computer  Research  and  Technology 
(DCRT).  The  group  is  responsible  for  monitoring  the  data  processing  portion 
of  the  Litton  Bionetics  FCRC  contract.  Mr.  Larson's  consultation  at  the  FCRC 
is  expected  to  continue  at  the  same  level. 

Source  Evaluation  Group 

Mr.  Stump  served  as  a  member  of  the  Source  Evaluation  Group  to  evaluate 
proposals  and  to  select  a  contractor  to  meet  the  Office  of  the  Director's 
requirements  for  a  project  entitled  "Programming  and  Data  Entry  Services  in 
Support  of  the  NCI's  Contracts  Management  System." 
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Mr.  Weiss  served  as  the  Chairperson,  and  Ms.  Van  Hoi  ten  as  a  panel  member,  for 
A  Workshop  on  Alternative  Computer  Sources  for  Large  Scale  Clinical  Trials  ano 
Other  Multi-Center  Scientific  Studies.  This  workshop  was  part  of  the  7th 
Annual  Symposium  for  Coordination  Clinical  Trials,  sponsored  by  the  Society 
for  Clinical  Trials. 

Mr.  Weiss  served  as  a  member  of  the  grant  review  committee  for  the  National 
Large  Bowel  Cancer  Program  at  Sloan  Kettering  Memorial  Cancer  Center. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  this  project  is  to  conduct  research  in  statistical  methods  and 
computer  techniques  with  particular  emphasis  on  those  appropriate  to  the 
analysis  of  data  from  clinical  and  diagnostic  trials  and  epidemiological 
studies  of  cancer.  Many  of  the  problems  studied  under  this  project  arise  from 
the  consultative  activities  of  the  Section.  In  the  past  year  this  research  has 
included  new  work  on  sample  size  determinations  for  clinical  trials,  studies  of 
sequential  survival  analyses,  methodological  and  computational  work  on 
time-dependent  covariate  analysis  appropriate  for  studying  the  effects  of  serial 
tumor  markers  and  other  sequentially  recorded  covariate  information,  a  study  of 
tests  of  equality  of  two  proportions  in  2x2  tables,  and  a  study  of 
multiple  comparisons  in  two-way  tables  which  may  help  interpret  results  of 
subset  analyses  commonly  encountered  in  epidemiologic  and  clinical  studies. 


1027 


PHS-6040 
(Rev.    10-76) 


Project  No.  ZOl -CP-04409-05-B 

Project  Description 

Objectives: 

Many  statistical  problems  arise  in  the  consultative  activities  of  the  Section 
(see  Project  No.  Z01-CP-04260-20-B) .  The  investigation  of  these  problems, 
the  development  of  new  statistical  methods,  and  adaption  of  existing  methods 
for  special  problems  constitute  an  important  aspect  of  the  work  of  the 
Clinical  and  Diagnostic  Trials  Section.  The  basic  objective  of  this  work  is 
to  enrich  the  repertoire  of  statistical  methods  appropriate  for  the  analysis 
of  clinical  trial  data  and  therefore  emphasis  is  placed  on  statistical 
applications.  However,  statistical  theory  and  application  are  so  closely 
related  that  some  of  the  work  has  a  distinctly  theoretical  flavor.  The 
research  conducted  under  this  project  covers  a  wide  spectrum  of  topics. 
Some  of  the  principal  subjects  which  have  been  studied  during  the  past  year 
are  summarized  below. 

Planning  the  Duration  of  a  Clinical  Trial: 

Drs.  Rubinstein,  Gail  and  Santner  completed  work  concerning  the  calculation 
of  the  required  duration  of  a  comparative  clinical  trial  to  assure  a  desired 
power  for  a  given  hazard  ratio  for  the  two  treatment  groups.  This  work 
extended  current  methods  to  incorporate  a  period  of  continued  observation  at 
the  end  of  accrual,  the  possibility  of  loss  to  follow-up  during  the  trial, 
and  the  use  of  the  robust  Mantel -Haenszel  statistic  as  the  method  of  comparison. 

Survival  Analysis: 

Drs.  Rubinstein  and  Slud  are  studying  methods  of  analyzing  survival  data  in 
the  presence  of  censoring  mechanisms  which  may  not  be  independent  of  survival 
time  for  a  given  patient.  Under  various  models  of  dependence  for  death  and 
censoring  times,  they  have  developed  estimators  and  two-sample  tests  for 
equality  of  survival  curves. 

Sequential  Monitoring  of  Clinical  Trials: 

Dr.  Gail,  in  collaboration  with  Dr.  Demets  of  NHLBI  and  Dr.  Ware  of  the 
Harvard  School  of  Public  Health,  is  examining  the  properties  of  group 
sequential  tests  applied  to  survival  data  to  see  whether  proposed  boundaries 
indeed  yield  the  desired  size  and  power,  to  determine  how  often  they  afford 
early  trial  termination,  and  to  find  the  extent  to  which  they  bias  estimates 
of  treatment  effects.   In  addition  Drs.  Slud,  Gail  and  Rubinstein  are  ex- 
amining the  asymptotic  properties  of  the  logrank  statistic  when  it  is 
computed  sequentially. 

Evaluating  Serial  Marker  Measurements  in  Patients  at  Risk  of  Recurrent  Cancer: 

Dr.  Gail  has  adapted  the  time-dependent  covariate  methods  of  D.R.  Cox  to 
evaluate  the  potential  usefulness  of  serial  cancer  marker  measurements  in  pre- 
dicting risk  of  cancer  recurrence.  These  methods  have  been  applied  to  data  on 
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carcinoembryonic  antigen  for  patients  with  colon  cancer  and  to  acid 
phosphatase  for  patients  with  prostate  cancer.     A  batch-mode  Fortran  computer 
program  has   been  written  to   facilitate  the  calculations. 

Analysis  of  Time-Dependent  Covariates: 

Dr.   Green  has  developed  a  versatile  interactive  computer  program  for  analysis 
of  patient  survival   while  adjusting  for  the  effects  of  prognostic  variables 
whose  values  change  with  time.     The  program  is  quite  flexible  and  incorporates 
both  the  proportional    hazards  model    and  non-parametric  approaches.      It  allows 
multiple  time-dependent  variables  and   provides   for  a  variety  of  ways   for 
modelling  the  effects  of  each  variable. 

Parametric  Survival    Models  with  Time-Dependent  Covariates: 

Drs.   Byar  and  Green  have  studied  the  problem  of  including  time  dependent 
covariates   in  a   parametric  survival   model    in  order  to   produce  analyses  with 
more  comoutational    ease  than  that  afforded  by  the  Cox  proportional    hazards 
models  and  have  directly  compared  these  two  approaches  on  several    sets  of 
cancer  survival   data. 

Adjusted  Survival   Curves: 

Drs.   Gail,   Byar,  and  Green  are  studying  various  methods  of  adjustment  for 
graphical   display  of  survival   curves,   so  that  comparisons  between  curves  take 
account  of  differences   in  patient  covariates. 

Efficient  and  Sequential   Model   Selection: 

Drs.  Slud,   Byar,  and  Rubinstein  have  applied  theoretical   developments  of 
D.R.   Cox  on  separate  families  of  hypotheses  to  the  problem  of  parametric  model 
selection  in  two-samole  censored  survival   experiments.     Dr.   Slud  has  extended 
the  large-sample  theory  to  cover  some  sequential   methods  of  model   selection 
and  testing. 

Smoothing  of  Life-Table  Hazard  Rates: 

Patterns  of  variation  of  risk  and  mortality  with  time  on  treatment  are  often 
obscured  by  the  intrinsic  randomness  of  clinical   observations.     Drs.   Slud  and 
Muenz  are  adapting  actuarial   criteria  and  methods,  developed  for  the 
graduation  of  mortality  rates  in  life  tables,   to  the  smoothing  of  hazard  and 
incidence  data  from  clinical   trials. 

Efficiency  of  Randomized  Consent  Designs: 

Drs.   Byar,   Green,  and  Gail   are  studying  the  power  of  recently  proposed 
randomized  consent  designs  for  comparative  clinical   trials  with  quantitative, 
quantal ,  or  time-to-response  endpoints. 
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Chi-square  Tests  for  Equality  in  Proportion: 

Dr.  Rubinstein  analyzed  several  chi-square  statistics  used  to  test  the 
equality  of  two  binomial  proportions.  He  found  that  the  power  advantage  of 
the  test  with  an  unpooled  variance  estimate  is  almost  entirely  due  to  the 
greater  size,  as  compared  to  the  more  usual  test  with  a  pooled  variance 
estimate.   In  addition,  both  tests  require  continuity  correction  to  ensure 
proper  size,  and  both  continuity  corrected  tests  are  inferior  in  performance 
to  a  statistic  using  the  arcsine  transformation. 

Joint  Distribution  of  the  Mean  and  Selected  Order  Statistics: 

In  collaboration  with  Dr.  George  Weiss  of  DCRT,  Dr.  Muenz  has  derived  a 
general  technique  for  comparing  the  sample  mean  from  any  continuous  distri- 
bution with  the  median  or  a  linear  combination  of  a  few  order  statistics.  In 
addition,  the  technique  permits  inference  regarding  the  sensitivity  of  the 
mean  to  variations  in  order  statistics.  Thus,  for  example,  one  can  gauge  the 
extent  to  which  the  estimate  of  an  exponential  death  rate  depends  upon 
variation  in  the  survival  time  of  the  few  longest  survivors. 

Multiple  Comparisons  in  Two-way  Tables: 

Dr.  Slud  has  studied  the  problem  of  estimating,  in  a  two-way  classification,  the 
probability  of  turning  up  wholly  spurious  "significant"  effects  after  multiple 
analyses  based  on  various  subtables.  He  has  computed  and  tabulated  such 
probabilities  for  step-down  procedures,  which  successively  discard  stratifying 
variables  and  re-analyze  the  data. 

Interactive  Data  Analysis  Programs: 

Dr.  Green  has  continued  to  design,  implement,  and  supervise  improvements  for 
a  series  of  interactive  computer  programs  for  analyzing  clinical  trial  data, 
and  new  programs  have  been  incorporated  into  this  package.  This  increases  our 
capacity  to  respond  efficiently  to  requests  for  sophisticated  data  analysis. 
These  programs  have  seen  increasing  use  for  the  specialized  data  analyses  per- 
formed by  members  of  the  Section,  both  for  their  own  projects  as  well  as  in 
consultation  with  other  researchers. 

Significance  to  the  Program  of  the  Institute: 

Much  of  the  work  described  above  is  directly  applicable  to  the  analysis  of 
data  collected  in  clinical  trials  of  the  treatment  of  cancer,  analysis  of 
data  related  to  diagnosis  and  screening  of  cancer,  and  to  epidemiologic 
studies  of  cancer.  Beyond  that,  the  opportunity  to  engage  in  research  in 
statistical  methods  is  a  necessary  and  important  aspect  of  the  work  of  a 
consulting  statistician.  The  prestige  of  the  National  Cancer  Institute  as 
a  leader  in  biomedical  research  is  enhanced  by  having  on  its  staff  statis- 
ticians of  a  high  caliber  who  have  made  original  contributions  to  their  own 
discipline.  Looking  at  it  from  another  point  of  view,  the  opportunity  for 
professional  recognition  by  means  of  original  research  publications  is 
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essential  in  attracting  to  the  Institute  talented  statisticians  of  the  wery 
highest  caliber.  Statistical  theory  and  applied  methodology  is  a  rapidly 
expanding  field.  If  the  very  best  and  most  useful  methods  are  to  be  used  in 
analyzing  data  related  to  cancer  then  such  individuals  are  essential  to  the 
program  of  the  Institute. 

Proposed  Course  of  the  Project: 

Some  of  the  separate  projects  described  in  this  report  have  been  completed, 
but  some  will  be  continued  into  the  next  year.  In  general  the  statistical 
research  projects  are  suggested  by  problems  which  arise  in  our  consulting 
work,  so  we  anticipate  that  many  new  problems  will  be  studied  as  they  come  to 
our  attention  in  the  next  year.  The  Section  will  continue  a  program  of 
balanced  activities  divided  between  research  and  consultation,  theory  and 
appl ication. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Suicide  rates  among  cancer  patients  were  determined  from  the  Connecticut  SEER 
Cancer  Registry  and  compared  with  age-matched  Connecticut  State  suicide  rates 
to  estimate  relative  risks.  Among  male  cancer  patients  a  two-fold  risk  was 
found,  but  no  excess  risk  for  females.  For  men,  a  larger  risk  appeared  the 
first  few  years  after  diagnosis  than  later.  Preliminary  data,  only  partially 
controlled  for  other  variables,  suggest  slightly  higher  risk  for  ever  married 
than  never  married,  and  clearly  higher  risk  among  patients  with  metastasized 
than  in  those  with  localized  tumors.  Slightly  greater  risk  appears  in  surgical 
patients  than  in  those  treated  otherwise. 
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Project  Description 
Objectives: 

To  determine  suicide  rates  among  cancer  patients  in  Connecticut  and  compare 
them  to  Connecticut  population  rates. 

Methods  Employed: 

The  Connecticut  SEER  Cancer  Registry  was  searched  for  patients  with  death 
certificates.  For  male  and  female  cancer  patients  diagnosed  in  the  decades 
1940-49,  1950-59,  1960-69,  death  rates  due  to  suicide  were  derived  from 
analysis  of  their  death  certificates.  Age  and  sex-specific  population  rates 
of  suicide  for  Connecticut  were  obtained  for  the  same  periods.  Within  each 
sex,  age-adjusted  relative  risk  of  suicide  in  cancer  patients  was  derived 
for  each  decade  and  over  the  three  decades,  as  well  as  relative  risks  asso- 
ciated with  number  of  years  since  diagnoses  for  each  decade.  Preliminary 
analyses  were  carried  out  for  site,  stage,  type  of  treatment  and  marriage 
status. 

Major  Findings: 

Female  cancer  patients  showed  no  excess  risk  over  that  of  the  female  popula- 
tion. Males  showed  a  two-fold  relative  risk  over  population  males,  with 
greater  risk  the  first  few  years  after  diagnosis  than  later.  Preliminary 
data,  only  partially  controlled  for  other  variables,  suggest  slightly  higher 
risk  for  ever-married  than  never-married  men,  and  for  male  patients  with 
metastasized  tumors,  clearly  higher  risk  than  for  those  with  localized 
tumors.  Slightly  greater  risk  is  suggested  in  men  treated  with  surgery  than 
in  those  not  so  treated. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

It  was  suspected,  on  rational  grounds,  that  suicide  rates  in  cancer  patients 
would  be  higher  than  those  of  the  population.  If  so,  this  finding  would 
form  the  basis  for  special  attention  among  rehabilitation  workers,  and  the 
finding  would  be  of  particular  value  to  DCCR,  NCI.  The  peculiar  finding  of 
raised  relative  risk  of  men,  but  not  in  women,  permits  a  sharper  focus  on 
relevant  rehabilitation  procedures.  Perhaps  such  relative  risk  figures  can 
be  used  by  those  attempting  to  quantify  quality  of  life  and  negative  value 
of  cancer. 

Proposed  Course  of  Project: 

The  first  analysis  has  been  accepted  for  publication.  Final  analysis  and 
verification  of  preliminary  findings  in  the  variables  most  strongly  contri- 
buting to  the  major  findings  has  been  delayed,  but  will  be  carried  out 
during  the  coming  year.  Extension  of  the  analysis  to  other  variables  will 
be  explored. 
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Published  Studies: 


Fox,  B.H.,  Stanek,  E.J.,  Boyd,  S.C,  and  Flannery,  J.T.:  Suicide  rates 
among  cancer  patients  in  Connecticut.  J.  Chron.  Pis.  In  press. 

Fox,  B.H.,  Stanek,  E.J.,  Boyd,  S.C,  and  Flannery,  J.T. :  Suicide  rates 
among  cancer  patients.  Proc,  5th  World  Congress  of  the  International 
College  of  Psychosomatic  Medicine,  Jerusalem,  Israel,  1979.  In  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  association  of  premorbid  psychological  factors--stress,  personality,  so- 
jal  environment--and  cancer  incidence  and  cancer  mortality  has  been  propoiid" 
and  argued  about.  The  possibility  of  such  an  association  continues  to  be 
examined.  Prospective  studies  on  various  cohorts  are  being  pursued:  a)  an 
employee  cohort,  showing  a  relation  of  depression  test  scores  to  cancer  mor- 
tality over  the  next  20  years;  b)  a  college  cohort,  showing  a  relation  of 
scores  in  men  on  a  set  of  15  psychological  items  and  colon  cancer  mortality 
over  the  next  35  years;  c)  follow-up  of  an  adult  Swedish  county  cohort  for  a 
further  20  years  after  an  initial  10  year  follow-up  indicated  a  relation  of 
cancer  mortality  and  specific  psychological  test  scores;  and  d)  follow-up  of 
the  original  cohort  leading  to  the  concept  of  a  type  A  personality,  with  an 
examination  of  the  relation  of  presence  or  absence  of  that  personality  type  to 
cancer  mortality  over  the  next  20  years.  In  all  of  these  studies  relation 
of  personality  to  later  cancer  incidence  will  also  be  studied 
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Project  Description 


Objectives: 


To  determine  if  premorbid  psychological  factors--stress,  personality, 
social  environment— are  associated  with  cancer  incidence  and  mortality. 

Methods  Employed: 

In  each  of  four  studies  a  presumed  cancer  free  (or  almost  so)  cohort  was 
available,  with  certain  psychological  tests  given  at  the  beginning  of  the 
study  period:  a)  2000+  40-55  year  old  male  employees  of  Western  Electric  in 
Chicago  in  1958;  b)  14000+  U.  of  Penn.  freshmen,  mostly  male,  in  the  1930's; 
c)  1200+  adults  in  two  Swedish  counties  in  1947;  and  d)  about  3000  middle- 
aged  men  in  the  original  Type  A  cohort  from  northern  California,  in  1961. 
In  a)  their  cancer  mortality  has  been  followed  through  1977;  in  b)  their 
cancer  mortality  has  been  followed  through  1976;  in  c)  their  cancer 
mortality  was  followed  through  1957,  and  will  be  followed  through  1977. 
Cancer  incidence  data  will  be  sought  and,  if  obtained,  related  to  existing 
psychological  data.  The  latter  two  studies  are  just  being  initiated. 

Major  Findings: 

In  the  Western  Electric  group,  among  those  with  highest  scores  in  the 
depression  scale  of  the  MMPI,  relative  risk  of  cancer  death  exceeded  2  after 
controlling  for  age,  smoking  and  alcohol  use.   In  the  U.  of  Penn.  group 
those  with  high  scores  on  a  group  of  psychological  items  had  a  significantly 
elevated  risk  of  dying  from  colon  cancer.  No  relationship  was  found  for  any 
other  type  of  cancer,  nor  for  any  other  set  of  items  in  the  questionnaire. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institutes: 

Repeatedly  NCI  has  received  questions  from  professionals  and  the  public 
about  the  relation  among  psychological  factors,  stress  and  cancer.  These 
questions  were  based  on  a  long  history  of  belief,  speculation  and  purported 
evidence  that  stress  and  certain  psychological  factors  increase  cancer  risk. 
Evidence  on  humans,  though  voluminous,  is  not  persuasive,  and  in  some  cases, 
contradictory.  Evidence  on  animals  is  stronger,  and  shows  both  reduced  and 
increased  susceptibility  to  tumors.  Most  of  the  human  studies  have  not 
taken  into  account  certain  factors  having  an  important  impact  on  outcomes. 
Studies  with  improved  design  are,  therefore,  much  needed,  and  these  projects 
fulfill  that  need,  in  part.  A  positive  answer  would  give  impetus  to  studies 
on  specific  psychological  factors  or  stress  and  the  humoral  environment 
associated  with  increased  cancer  risk.  A  negative  answer  would  tend  to 
shift  the  balance  of  research  effort  away  from  the  psychic  components  of 
environmental  carcinogenesis,  whether  internal  or  external  to  the  body. 
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Proposed  Course  of  Project: 

In  the  above  four  studies,  the  first  two  will  pursue  the  relationship  of 
psychological  factors  and  cancer  incidence.  The  latter  two  have  been 
planned,  and  initial  steps  in  the  studies  are  in  progress.  They  are 
expected  to  be  complete  within  a  year,  although  the  incidence  data  may  take 
a  little  longer  to  get. 

Date  Initiated: 


October,  1975 
Published  Studies: 


Fox,  B.H.;  Issues  in  research  on  premorbid  psychological  factors  and  cancer 
incidence.  Cancer  Detection  Prev.  2:  257-279,  1979. 

Fox,  B.H.:  Psychological  factors  in  cancer.  In  Cohen,  J.,  Cullen,  J.W., 
and  Martin,  L.R.  (Eds.):  Psychological  Dimensions  of  Cancer.  Raven  Press. 
In  press. 

Weiss,  S.M.,  Herd,  J. A.,  and  Fox,  B.H.  (Eds.):  Perspectives  on  Behavioral 
Medicine.  Academic  Press.  In  press. 
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SUMMARY  OF  WORK  (200  words  or  less 

This  project,  a  collaborative  effort  'by  the  NCI,  EPA  and  other  federal  agencies, 

was  initiated  to  provide  more  data  relative  to  skin  cancer  and  harmful  solar 

ultraviolet.  An  urgent  need  for  these  data  has  existed  since  recent  scientific 


reports  have  warned  about  the  decomposition  of  stratospheric  ozone  by  nitrogen 
oxides  and  chlorofluoromethanes  (CFM's).  Federal  regulatory  agencies  have 


already  recommended  bans  on  the  use  of  aerosol  spray  cans  which  use  CFM's  as 
propellants.  In  the  near  future,  there  will  be  critical  reviews  of  all  pertinen|; 
information  by  government  as  well  as  individual  interests  concerned  with  the 
threat  of  increased  human  skin  cancer  due  to  excess  amounts  of  UV-B  reaching  the 
earth's  surface,  as  its  protective  ozone  shield  is  depleted.  As  mandated  by 
Public  Law  95-95  (amendment  to  the  Clean  Air  Act  of  1977),  the  NCI  will  continue 
its  investigations  by  including  2  new  locations  to  its  data  bases  during  this 
fiscal  year.  This  will  provide  more  reliable  national  estimates  of  the  degree 
of  morbidity  from  nonmelanoma  skin  cancer  as  well  as  epidemiologic  data  on  host 
and  environmental  factors,  other  than  solar  ultraviolet,  associated  with 
increased  risk.  New  leads  from  8  surveys  just  being  completed  will  be  pursued 
in  the  two  new  surveys  being  implemented. 


PHS-6040 
(Rev.    10-76) 


1040 


Project  Z01-CP-04475-04-B 
Project  Description 
Objectives: 

The  major  objectives  of  this  study  are  to  provide  epidemiologic  data  relative 
to  the  etiology  of  nonmelanoma  skin  cancer,  and  to  evaluate  the  potential 
human  health  effects  of  harmful  solar  ultraviolet  (UV-B,  i.e.,  wavelengths 
between  290  nm  and  320  nm).  In  particular:  (1)  to  provide  information 
necessary  to  ascertain  the  human  health  effects  of  UV  radiation  resulting  from 
the  anticipated  ozone  depletion  in  our  biosphere;  (2)  to  provide  supportive 
basic  data  to  reduce  the  degree  of  uncertainty  in  dose-response  estimators; 
(3)  to  provide  specific  data  on  populations  suspected  to  be  at  high  or  low  risk 
of  skin  cancer;  (4)  to  provide  an  estimate  of  the  proportion  of  skin  cancer  in 
the  community  relative  to  other  cancers;  (5)  to  identify  local  factors  in  the 
community  that  may  contribute  to  the  risk  of  skin  cancer;  (6)  to  provide  basic 
data  in  support  of  anticipated  needed  preventive  care  programs  in  this  commun- 
ity; (7)  to  provide  basic  epidemiologic  data  to  elucidate  the  multifactorial 
etiology  of  skin  cancer;  and  (8)  to  estimate  trends  in  skin  cancer  morbidity. 

Methods  Employed: 

Ten  population  based  registries  were  developed  in  various  geographic  locations 
of  the  contiguous  United  States  ranging  in  latitude  from  47°N  to  30°N. 
Incidence  information  on  newly  diagnosed  nonmelanoma  skin  cancer  (basal  cell 
and  squamous  cell  carcinoma)  is  being  gathered  in  accordance  with  special 
protocols  developed  by  NCI.  The  data  are  collected  in  a  uniform  way  so  as  to 
provide  data  bases  comparable  with  earlier  surveys  conducted  by  NCI  in 
1971-72.  In  addition  environmental  epidemiologic  data  and  other  information 
on  host  factors  are  being  collected  using  case/control  methods  on  a  sampling 
basis.  The  interviews  are  conducted  via  telephone  communication.  In  addition 
UV-B  measuring  devices,  Robertson-Berger  meters  were  installed  and  maintained 
at  these  locations  by  the  National  Oceanic  and  Atmospheric  Administration 
(NOAA)  and  this  federal  agency  will  provide  data  from  these  locations  to  the 
NCI  as  they  become  available.  The  registries  which  are  now  completed  are: 
Seattle,  Minneapolis,  Detroit,  Utah,  San  Francisco,  New  Mexico,  Atlanta,  and 
New  Orleans.  In  the  southwest  region,  San  Diego,  California  was  recently 
included  (1979)  and  the  data  collection  phases  for  incidence  and  other 
epidemiological  information  are  in  their  final  stages  of  completion.  In  the 
northeast  region  a  study  in  New  Hampshire-Vermont  has  been  successfully 
implemented,  and  new  incidence  data  are  currently  being  collected.  We  antici- 
pate the  interview  phase  for  New  Hampshire-Vermont  to  be  implemented  by  late 
summer. 

Major  Findings: 

A  preliminary  report  of  the  basic  incidence  data  has  been  written.  Copies 
should  be  available  sometime  in  April,  1980.  The  new  data  suggest  that  among 
Caucasians  in  the  United  States  the  annual  incidence  of  nonmelanoma  skin 
cancer  may  be  in  the  neighborhood  of  400,000.  Data  from  Minneapolis-St.  Paul 
and  San  Francisco-Oakland  suggest  that  incidence  has  increased  by  15  to  20 
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percent  over  a  six-year  period.  The  increase  is  most  notable  for  basal  cell 
carcinomas  of  the  skin.  New  data  on  host  characteristics  indicate,  as 
expected,  that  this  disease  is  serious  only  among  Caucasians;  Blacks  quite 
rarely  develop  nonmelanoma  skin  cancer.  Fair  skin  Caucasians  (Irish,  Scottish, 
English/Welsh,  Scandinavian,  German),  those  with  blond  or  red  hair  and  blue 
eyes,  and  those  who  have  difficulty  developing  tans  are  the  most  susceptible 
types.  Individuals  responding  positively  to  "a  history  of  radiation  exposure" 
(probably  ionizing  radiation)  and  also  those  who  have  had  "moles/birthmarks", 
and  other  skin  problems  (e.g.,  psoriasis)  appear  to  be  at  greater  risk  of 
developing  skin  cancer. 

A  mathematical  model  relating  UV-B  dose  at  various  geographic  locations  and 
the  degree  of  skin  cancer  morbidity  was  applied  to  the  newly  developed  NCI 
data  bases.  The  model  indicates  that  a  1  percent  increase  in  global  UV-B 
may  result  in  a  2  percent  increase  in  skin  cancer.  This  information  is 
valuable  to  regulatory  agencies,  such  as  the  EPA,  who  are  monitoring  the 
potential  harmful  effects  of  ozone  depletion.  New  estimates  of  stratospheric 
ozone  depletion  have  been  quoted  by  the  National  Academy  of  Sciences.  In 
general  a  twofold  increase  in  UV-B  is  expected  for  a  unit  decrease  in 
stratospheric  ozone.  Therefore  a  1  percent  decrease  in  ozone  may  result  in  an 
eventual  fourfold  increase  in  skin  cancer. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

These  new  data  when  combined  with  those  from  earlier  surveys  will  reduce  the 
degree  of  uncertainty  in  the  dose-response  estimates  of  ozone  depletion  and 
increased  skin  cancer.  They  will  also  provide  new  leads  on  the  relative 
importance  of  host  factors  and  environmental  factors  other  than  UV-B  which 
may  contribute  to  increased  risk  for  this  disease.  Results  from  these  data 
help  the  EPA  and  other  regulatory  agencies  establish  guidelines  for  use  of 
man-made  products  which  may  affect  human  health.  The  new  data  provide  current 
estimates  of  the  degree  of  morbidity  from  skin  cancer  in  various  parts  of 
the  United  States,  and  elucidate  the  need  for  cancer  prevention  programs. 

Proposed  Course  of  Project: 

Intensified  analyses  of  the  newly  developed  data  bases  will  continue.  In 
addition  to  the  basic  incidence  reporting,  new  leads  from  the  current  surveys 
(e.g.,  excessive  radiation  exposure,  high  risk  occupation/industry  groups, 
skin  conditions  such  as  psoriasis,  residence  mobility  such  as  movements  from 
northern  to  southern  "sun  spots",  etc.)  are  being  pursued.  The  inclusion  of 
dietary  questions  in  the  interview  has  been  proposed,  and  the  feasibility  of 
adding  a  minimum  inquiry  on  vitamin  A  consumption  is  being  explored.  Earlier 
we  envisioned  doing  field  studies  utilizing  newly  developed  personal  UV 
dosimeters.  At  present  we  know  how  much  UV-B  may  reach  the  surface  of  the 
earth,  but  we  are  severely  lacking  in  information  on  the  relative  amounts 
which  may  reach  exposed  surfaces  of  the  human  skin.  Also,  our  long  range 
plans  included  conducting  new  skin  melanoma  case/control  studies  into  the 
major  framework  of  this  project.  The  etiology  of  skin  melanoma  also  reflects 
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an  association  of  increased  risk  at  locations  of  high  insolation,  but  the 
relationship  is  complicated  by  the  apparent  contradiction  of  anatomical  site 
distributions  of  malignant  melanoma  lesions.  The  short  term  funding  for  this 
project  will  have  been  used  by  September  1980.  These  new  initiatives  can  not 
be  implemented  without  a  new  funding  commitment,  and  it  appears  that  other 
federal  agencies  (such  as  EPA)  may  not  provide  any  transfer  funds  as  they  have 
in  the  past. 

Date  Initiated: 

1977 

Publications: 

Articles  Published  in  a  Periodical: 

1.  Scotto,  J.  and  Fears,  T.R.:  Skin  Cancer  Epidemiology:  Research 
Needs.  In  Proceedings  of  the  International  Conference  on 
Ultraviolet  Carcinogenesis.  Natl.  Cancer  Inst.  Monogr.  50: 
169-177,  1979. 

2.  Scotto,  J.  and  Nam,  J.:  Skin  Melanoma  and  Seasonal  Patterns. 
Am.  J..  Epidemiol.  111:  309-314,  1980. 

Articles  in  a  Book,  Pamphlet,  or  Bulletin: 

1.  Scotto,  J.,  Fears,  T.R.,  Lisiecki,  E.,  and  Radosevich,  S.: 
Incidence  of  Nonmelanoma  Skin  Cancer  in  the  United  States, 
1977-78:  Preliminary  Report.  NIH  Publ .  No.  80-2154.  In  press. 

2.  Scotto,  J.  and  Fears,  T.R.:  Skin  Cancer  in  the  United  States. 
Schneiderman,  M.A.  and  Levin,  D.L.  (Eds.):  Monogr.  Cancer  in 
the  USA  and  USSR.  In  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

In  this  study  an  attempt  has  been  made  to  assess  the  ability  of  certain  psycho- 
logical measures  to  discriminate  those  stage  II  melanoma  patients  who  relapsed 
within  one  year  after  axillary  node  surgery,  and  to  test  their  ability  to  predict 
such  relapse  in  an  independent  sample.  From  an  initial  sample  of  31  cases,  the 
successful  discriminators,  number  of  nodes  and  a  psychological  variable--subjec- 
tive  effect  of  haying  melanoma--held  up  as  predictors  in  an  independent  sample 
of  33  cases  with  about  equal  success.  Further  work  on  the  MMPI,  which  showed 
promise  on  the  first  sample,  showed  that  at  p  <  .20,  scales  discriminating  in  the 
first  sample  failed  to  stand  up  in  the  second,  while  those  that  showed  up  in  the 
second  had  not  discriminated  in  the  first.  Some  scales  correlated  with  node 
status  and  subjective  effect,  an  interesting  but  not  important  result.  Pre- 
liminary analyses  of  the  1-year  predictors  of  relapse  suggested  no  such  cap- 
ability for  either  two-year  overall  relapse  or  2-year  overall  mortality,  but 
separate  analyses  of  the  two  samples  showed  a  significant  difference  between 
them,  results  being  in  opposite  directions. 
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Project  No.:  Z01-CP-04482-04-B 

Project  Description 

Objectives: 

To  test  hypotheses  that  certain  psychological  measures  will  predict  relapse 
status  and  mortality,  after  controlling  for  known  physical  discriminators. 

Methods  Employed: 

Some  30-odd  psychological  measures  (MMPI  scales,  SCL-90  psychiatric  symptoms 
scale,  and  several  other  measures)  were  given  to  31  stage  11  melanoma  patients 
a  few  weeks  after  surgical  removal  of  axillary  lymph  nodes.  A  number  of 
physical  measures  were  also  taken  in  these  patients.  Ability  of  each  of  these 
to  discriminate  those  who  did  or  did  not  relapse  before  one  year  was  deter- 
mined, both  by  means  of  a  clinical  algorithm  and  by  discriminant  analysis. 
After  identifying  discriminators,  their  ability  to  predict  was  tested  in  an 
independent  sample  of  33  patients.  Further  analysis  of  relapse  at  2  years  and 
mortality  at  2  years  was  begun. 

Major  Findings: 

A.  In  the  initial  sample,  aside  from  the  MMPI,  only  the  number  of  nodes  and 
the  psychological  variable,  subjective  effect  of  melanoma  on  life  style,  dis- 
criminated one-year  relapsers  successfully.  When  tested  separately  on  a  new 
sample  of  33  patients,  number  of  nodes  and  subjective  effect  of  melanoma  on 
life  style  did.  B.  Some  MMPI  scales  discriminated  in  the  first  sample 
(p  <  .20)  and  some  did  on  the  2nd,  but  none  did  on  both.  Certain  scales 
correlated  with  nodes  and  subjective  effect--an  interesting  but  not  important 
result.  C.  Without  controlling  for  physical  variables,  preliminary  analyses 
of  the  1-year  predictors  of  relapse  showed  no  such  capability  for  either 
2-year  relapse  overall  or  2-year  mortality  overall,  but  separate  analyses  of 
the  two  samples  showed  results  in  opposite  directions,  suggesting  sample 
differences  or  strong  variability. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

If  psychological  variables  are  found  to  have  independent  weight  in  predicting 
remission  time,  their  relationship  with  some  physical  attributes  should  be 
sought,  to  establish  why  they  are  predictors.  The  most  important  outcome 
would  entail  a  cause-effect  relationship  of  psychic  state  and  such  physical 
variables,  thus  permitting  change  and  possible  extension  of  remission.  Even 
without  such  a  relationship,  a  predictive  capability  of  psychological  mea- 
sures would  be  valuable  to  the  clinician,  and  under  some  conditions,  perhaps 
to  the  family  and  the  patient.  These  results  offer  only  interesting  hy- 
potheses about  personality  in  the  acute  surgical  case  and  shortly  thereafter, 
but  fail  to  support  psychological  relationships  with  relapse  or  death  later 
in  the  disease. 
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Project  No.:  Z01-CP-04482-04-B 

Proposed  Course  of  Project: 

The  findings  above  (C.  Major  Findings)  will  be  pursued  with  further  analysis. 
Relapse  times  will  be  examined  for  trend  in  relation  to  various  predictors. 

Date  Initiated: 

August,  1976 

Published  Studies: 

Rogentine,  G.N.,  Jr.,  van  Kammen,  D.P.,  Fox,  B.H.,  Docherty,  J., 
Rosenblatt,  J.,  Boyd,  S.C.,  and  Bunney,  W.E.,  Jr.:  Psychological  factors  in 
the  short-term  prognosis  of  malignant  melanoma:  A  prospective  study. 
Psychosom.  Med.  41:647-654,  1979. 
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Earlier  findings  suggest  that  there  is  a  relationship  between  self-reported 
psychiatric  symptoms  and  natural  killer  cell  (NK)  activity.  Further  work  demon- 
strated that  the  self-reports  to  a  considerable  degree  reflected  trait  character- 
istics in  psychological  tests.  In  an  effort  to  determine  whether  interferon 
might  have  stimulated  the  appearance  of  the  NK  activity  of  those  with  high  levels, 
an  interferon  analysis  of  the  stored  sera  will  be  carried  out. 
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Project  No.:  ZOI-CP-QSHS-OI-B 

Project  Description 

Objectives: 

To  relate  levels  of  interferon  in  a  sample  of  sera  to  natural  killer  cell 
activity  and  psychological  measures. 

Methods  Employed: 

A  group  of  117  normal  subjects  were  tested  with  psychological  tests  and  blood 
samples  were  analyzed  for  various  immune  processes  including  natural  killer 
cell  (NK)  activity.  Low  NK  activity  was  associated  with  scores  whose  average 
tended  toward  greater  psychopathology.  Since  NK  activity  is  elevated  by  the 
presence  of  interferon,  it  is  possible  that  some  of  those  with  high  NK  levels 
suffered  from  minor  viral  invasion,  and  associated  elevation  of  interferon. 
Levels  of  interferon  will  be  determined  from  the  frozen  serum  samples  to 
examine  that  possibility.  If  any  elevation  is  found,  relationship  to  psycho- 
logical test  measures  will  also  be  examined. 

Major  Findings: 

This  study  has  just  begun. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Showing  that  NK  activity  is  elevated  in  the  presence  of  interferon  would 
explain  in  part  some  of  the  findings,  but  would  leave  a  large  question  as  to 
why  the  psychological  scores  were  inversely  related  to  NK  or  interferon. 
Failure  to  find  interferon  levels  at  all  or  an  elevation  would  eliminate  the 
latter  question,  but  would  leave  open  the  possibility  of  a  genetic  source  of 
the  personal ity-NK  relationship,  or  that  stress  manifested  itself  in  psycho- 
logical scores.  In  the  literature  of  psychological  factors  and  stress  as 
related  to  incidence  or  progress,  reference  is  repeatedly  made  to  the  immune 
system  as  the  mediator  of  claimed  relationships.  Only  a  few  studies,  of 
highly  tentative  nature,  exist  to  show  a  positive  relationship  in  man, 
although  there  are  many  in  animals  showing  that  stress  is  related  to  immune 
response.  Any  further  information  on  man  in  this  area  would  fill  a  painful 
vo  i  d . 

Proposed  Course  of  Project: 

Depending  on  results,  other  immune  characteristics  may  be  examined,  and  per- 
haps another  cohort  tested  for  specific  immune  and  psychological  features. 

Date  Initiated: 

April,  1980. 
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CONTRACT  NARRATIVES 
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Contract 


Title 


Page  No. 


California  State  Dept.  of  Health 
(NOl-CP-81018) 


California,  University  of 
(NOl-CP-43383) 

Charity  Hospital  of  Louisiana 
(NOl-CP-43262) 

Connecticut  State  Dept.  of  Health 
(NOl-CP-61002) 

Fred  Hutchinson  Cancer  Research 
Center  (NGl-CP-61059) 

Hawaii,  Research  Corp.  of  Univ.  of 
(NOl-CP-53511) 

Iowa,  University  of 
(N01-CP-43200) 

Michigan  Cancer  Foundation 
(NOl-CP-61028) 

New  Mexico,  University  of 
(NOl-CP-33344) 

Utah,  University  of 
(NOl-CP-43382) 

Yale  University 
(NOl-CP-33234) 

Emory  University 
(N01-CP-61027) 

Geomet,  Inc. 
(NOl-CP-53522) 

Commonwealth  of  Puerto  Rico 
(NOl-CP-43386) 

Geomet,  Inc. 
(N01-CP-81G19) 


Surveillance,  Epidemiology 
and  End  Results  Reporting 
(SEER)  Program 

SEER  Program 


SEER  Program 
SEER  Program 
SEER  Program 
SEER  Program 
SEER  Program 
SEER  Program 
SEER  Program 
SEER  Program 
SEER  Program 
SEER  Program 
SEER  Program 
SEER  Program 


Biomedical  Computing,  Design 
and  Implementation 
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Contract 

Health  Insurance  Plan  of 
Greater  New  York  (NOl-CP-43278) 

Information  Management  Services, 
Inc.   (NOl-CP-71010) 

Israel  Center  for  Registration 
of  Cancer  and  Allied  Diseases 
(NOl-CP-33351) 

Kuakini  Medical  Center 
(NOl-CP-61060) 

Louisiana  State  University 
Medical  Center  (NOl-CP-53521 ) 

Fundacion  Para  la  Educacion 
Superior  (NOl-CP-33286) 

Minnesota,  University  of 
(NOl-CP-91021) 


Bergen,  University  of  (Norway) 
(NOl-CP-91043) 


Title Page  No, 

Evaluation  of  Periodic  Breast    1056 
Cancer  Screening  by  Mammography 

Computer  Services  1058 


Continued  Cancer  Registration    1059 
and  Selected  Studies 


Study  of  Cancer  Among  Japanese    1051 
Migrants 

Studies  of  Epidemiology  and      1063 
Geographic  Pathology  of  Cancer 

Studies  of  Epidemiology  and      1063 
Geographic  Pathology  of  Cancer 

Analyses  of  Prospective  Studies   1064 
on  Diet,  Cancer  and  Other  Diseases 
in  Selected  Migrant  Populations 
(Norwegian) 

Analyses  of  Prospective  Studies  on  1064 
Diet,  Cancer  and  Other  Diseases  in 
Selected  Migrant  Populations 
(Norwegian) 


Southern  California,  University 
of  (NOl-CP-91027) 


Study  of  Cancer  Incidence  in  the   1066 
South  Pacific 
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Office  of  the  Chief 

CALIFORNIA  STATE  DEPARTMENT  OF  HEALTH  (NOl-CP-81018) 

UNIVERSnV  OF  CALIFORNIA,  SAN  FRANCISCO  (NOl-CP-43383) 

CHARITY  HOSPITAL  OF  LOUISIANA  (NOl-CP-43262) 

CONNLCIICUI  SIAIh  DbPAklMLNI  OF  HEALTH  (NOl-CP-61002) 

hkm  HUICHINSUN  CANCER  RLSbAkCH  CDTTER',  SEATTLE  (NOl-CP-61059) 

RESEARCH  CORP.  OF  THE  UNIVERSITY  OF  HAWAII  (NOl-CP-53511) 

UNlVbRSIlY  Uh  lOMA  (NU1-CP-432UU) 

MICHIGAN  CANCER  FOUNDATION  (NOl-CP-61028) 

UNIVERSITY  OF  NEW  MEXICO  (NOl-CP-33344) 

UNIVERSITY  OF  UTAH  (NOl-CP-43382) 

YALL  UNIVLRSIIY  (NOl-CP-33235) 

EMORY  UNIVERSITY  (NOl-CP-61027) 

GEOMET,  INC.  (NOl-CP-53522) 

COMMONWEALTH  OF  PUERTO  RICO  (NOl-CP-43386) 

Title:  Surveillance,  Epidemiology  &  End  Results  Reporting  (SEER) 
Program 

Project  Officer  (NCI):  John  L.  Young,  Jr.,  Dr.P.H. 

Objectives:  To  obtain  and  analyze  data  on  cancer  morbidity,  treatment, 
extent  of  disease,  patient  survival  from  population-based  registries,  to 
identify  areas  for  epidemiologic  investigations,  and  to  initiate 
preliminary  investigations  needed  to  develop  epidemiologic  study 
protocols. 

Methods  Employed:  The  National  Cancer  Institute  is  sponsoring  a 
collaborative  program  for  Cancer  Surveillance,  Epidemiology  and  End 
Results  Reporting  (SEER)  Program.  Participants  in  this  program  are  all 
population-based  registries,  covering  entire  states  or  geographically 
specified  areas,  such  as  Standard  Metropolitan  Statistical  Areas.  The 
Biometry  Branch  has  professional  and  technical  responsibility  for 
supervising  these  contracts.  Basic  information  is  collected  on  all 
patients  treated  for  cancer  in  the  area,  area  residents  treated  outside 
the  area,  as  well  as  anyone  dying  in  the  area  where  cancer  is  mentioned 
anywhere  on  the  death  certificate  --  or  area  residents  dying  outside  the 
area,  where  cancer  is  mentioned  anywhere  on  the  death  certificate. 
Periodic  follow-up  information  is  obtained  on  the  vital  status  of  all 
those  in  the  registries.  Data  are  submitted  annually  to  NCI  on  magnetic 
tape  according  to  a  specified  format.  These  data  are  available  for 
analyses  as  well  as  for  providing  an  extensive  resource  for  special 
studies. 

Core  epidemiological  staff  are  present  in  most  of  the  SEER  Programs. 
These  staff  members  review  the  morbidity  data  to  identify  epidemiological 
research  leads  that  should  be  investigated.  This  staff  then  develop 
study  protocols  and  field  test  the  study  schedules.  Funding  for  such 
proposals  are  either  through  other  contract  or  grant  support  or  financial 
assistance  from  other  sources. 
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Significance  to  NCI  Program  and  Biomedical  Research:  Information  on 
incidence,  survival  and  mortality  Trom  a  cross  section  of  the  U.S. 
population  is  required  on  a  continuing  basis  so  that  the  nature  and 
magnitude  of  the  cancer  problem  including  changes  over  time  can  be 
determined.  Through  close  scrutiny  of  variation  in  cancer  incidence  and 
survival  with  respect  to  geographic  and  demographic  characteristics  of 
the  population  and  differential  changes  over  time,  specific  etiologic 
hypotheses  will  emerge  which,  when  tested  via  special  study  mechanism, 
should  lead  to  the  identification  of  controllable  risk  factors.  Such 
research  is  an  integral  part  of  the  ultimate  goal  of  the  national 
program:  the  reduction  in  the  occurrence  of  and  mortality  due  to  cancer. 
Continued  recording  of  cases  will  also  provide  a  data  base  that  could  be 
useful  in  the  evaluation  of  cancer  control  activities.  These  data  could 
provide  the  base-line  against  which  changes  resulting  from  specified 
cancer  control  programs  could  be  measured  to  determine  the  effectiveness 
of  these  programs  in  reaching  their  stated  goals.  A  system  of  record 
linkage  between  the  cancer  registry  and  employees  of  specific  industries 
or  specific  types  of  occupations  would  provide  early  warning  of  possible 
occupational  carcinogenicity.  This  would  significantly  reduce  the  time 
when  cancer  hazards  would  be  identified. 

Major  Findings:  Data  for  cases  diagnosed  between  January  1,  1973  and 
December  31,  1978  were  submitted  to  NCI  in  December,  1979.  One 
participant  submitted  data  only  for  1974-1978;  one  submitted  data  only 
for  1975-1978,  and  one  only  for  1974-77.  While  it  Is  felt  that  all  areas 
have  complete  reporting  for  1977,  data  for  1978  appear  to  be  Incomplete. 

Currently,  data  are  available  on  cases  among  residents  of  all  eleven  SEER 
areas.  Cases  of  malignant  lesions  and  in  situ  lesions  have  been 
submitted,  but  analyses  of  these  data  have  centered  around  the  malignant 
lesions.  There  were  22,593  malignant  lesions  reported  1973-1977  by 
Puerto  Rico  and  327,627  by  the  other  10  SEER  Registries,  similarly  2,275 
and  28,531  in  situ  lesions  were  reported  by  Puerto  Rico  and  the  other  10 
Registries  respectively. 

Mortality  data  were  obtained  from  the  National  Center  for  Health 
Statistics.  Obtaining  population  estimates  by  age,  sex  and  race  for 
denominators  for  rates,  on  the  other  hand,  posed  a  problem.  Since  half 
of  the  SEER  areas  are  aggregates  of  counties  rather  than  entire  states, 
it  was  necessary  to  obtain  population  estimates  by  individual  counties. 
These  were  prepared  by  the  Bureau  of  the  Census  on  contract  from  the 
Environmental  Epidemiology  Branch  of  NCI  for  e^jery   county  in  the  U.S.  for 
each  year  1971  through  1975.  It  was  necessary  to  use  locally  prepared 
estimates  of  racial  distribution  for  Hawaii  and  New  Mexico,  however, 
since  they  had  more  detailed  Information  available  on  which  to  base  their 
estimates.  In  addition,  the  contract  with  the  Census  Bureau  requires 
estimates  for  1976,  1977,  and  1978  but  since  these  estimates  are  not 
currently  available,  they  were  prepared  by  Biometry  Branch  staff  by  a 
straight-line  projection  of  the  1974-1975  estimates. 
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Combined  data  for  1973-1977  allow  some  comparisons  among  the  ethnic 
groups  within  the  11  SEER  area  populations.  When  ranked  by  incidence 
rates  per  100,000,  both  Hawaiian  males  (465.0)  and  Hawaiian  females 
(408.5)  have  the  highest  incidence  in  each  of  their  respective  groups. 
Black  males  (454.3)  are  second  and  white  males  (371.6)  are  third;  while 
the  reverse  is  true  for  females  --  whites  (301.2)  are  second  and  blacks 
(288.7)  are  third.  The  male-female  general  pattern  of  higher  incidence 
among  males  is  borne  out  by  the  fact  that  the  5  highest  groups  for  males 
have  a  range  of  465.0  to  325.6  while  the  range  for  females  is  only  408,5 
to  263.0.  Although  the  Chinese  in  San  Francisco-Oakland  have  higher 
incidence  rates  than  those  in  Hawaii  among  both  males  and  females,  the 
pattern  is  different  for  Japanese  males  but  the  same  for  Japanese 
females.  Indeed,  Japanese  men  in  Hawaii  have  the  highest  rate  (327.6) 
for  all  these  Asian  groups  while  Japanese  women  in  Hawaii  have  the  lowest 
rate  (220.9).  It  is  interesting  to  note  that  the  incidence  rates  for 
Hawaiian  Chinese  men  and  women  are  virtually  the  same  and  that  a  similar 
pattern  exists  for  San  Francisco-Oakland  Japanese  men  and  women.  In  most 
ethnic  groups  the  incidence  rate  is  considerably  higher  for  males  than 
for  females.  But  for  Hispanics  in  New  Mexico  and  American  Indians,  the 
incidence  rate  for  females  is  higher  than  that  for  males. 

The  most  common  cancer  in  females  was  breast  cancer.  This  was  true  for 
all  ethnic  groups  except  American  Indian;  in  this  group,  cancer  of  the 
gallbladder  was  the  most  common  while  breast  cancer  ranked  second. 
Colorectal  cancer  was  generally  ranked  second  for  women  in  the  other 
ethnic  groups.  However,  it  was  fourth  for  Hawaiian  women  while  cancers 
of  the  lung  and  corpus  ranked  second  and  third  respectively.  For 
Hispanic  women  in  New  Mexico  and  in  Puerto  Rico,  cervical  cancer  was 
second  and  colorectal  third.  Cancer  of  the  thyroid  and  colorectal  cancer 
were  second  and  third  in  ranking  for  Filipino  women. 

Among  males  there  was  no  clear  pattern  in  the  ranking  of  sites.  Although 
lung  cancer  ranked  first  for  all  males  combined,  it  was  the  most  common 
cancer  among  black,  Hawaiian,  white,  and  San  Francisco-Oakland  Chinese 
men.  The  top-ranking  site  for  Japanese  men  in  both  Hawaii  and  San 
Francisco-Oakland,  Chinese  men  in  Hawaii,  and  Filipino  men  was  colorectal 
cancer.  Cancer  of  the  prostate  was  the  most  common  site  among  Hispanic 
men  in  both  New  Mexico  and  Puerto  Rico  and  for  American  Indians. 

To  assist  in  the  training  program  and  to  provide  guidance  to  SEER 
Program  participants  and  others  concerned  with  cancer  registration,  a 
number  of  publications  have  been  developed  and  distributed.  These 
include  manuals  that  set  out  clear  guidelines  for  collecting  and  coding 
the  data  to  be  submitted  to  NCI,  as  well  as  booklets  that  can  be  used  for 
on-the-job  training  of  personnel  responsible  for  carrying  out  the 
functions  required  for  data  extraction  and  coding.  The  demand  for  these 
publications  has  been  large  and  mailings  have  been  made  to  a  variety  of 
medical  personnel  and  facilities. 
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Proposed  Course  of  the  Project:  Intensive  effort  has  been  expended  to 
assure  tnat  tne  data  beinq  submitted  to  NCI  are  of  the  quality  and 
completeness  required  for  an  effective  cancer  surveillance  network. 
Incidence  data  are  now  of  high  quality.  Effort  will  be  expended  to 
improve  the  quality  of  data  collected  for  patient  survival  so  that  the 
percentage  of  alive  patients  under  active  surveillance  will  reach  at 
least  85%.  The  field  staff  in  cooperation  with  the  training  staff  of  the 
University  of  California  Medical  School  in  San  Francsico  will  continue  to 
conduct  a  program  of  quality  control  visits,  as  well  as  national  and 
regional  workshops,  and  intensive  formal  training  programs,  and  will 
continue  to  develop  various  kinds  of  instructional  materials. 

Incidence  and  mortality  data  covering  the  first  five  years  of  the  Program 
are  beinq  published  in  the  NCI  Monograph  series.  The  volume  will  contain 
over  1,000  pages  and  will  include  data  classified  by  race,  sex,  age, 
geographic  area,  primary  site  and  histologic  type  of  cancer. 

Year     FY-80 
Started  Negotiated 

California  State  Department  of  Health  (NOl-CP-81018)  1962  $1,565,000 
University  of  California,  San  Francisco 

(NOl-CP-43383)  1974  142,997 

Charity  Hospital  of  Louisiana  (NOl-CP-43262)  1973  534,407 

Connecticut  State  Department  of  Health  (NOl-CP-61002)  1963  725,043 

Fred  Hutchinson  Cancer  Research  Center  (NOl-CP-61059)  1973  691,493 
Research  Corp.  of  the  University  of  Hawaii 

(NOl-CP-53511)  1971  588,685 

University  of  Iowa  (N01-CP-43200)  1973  1,320,210 

Michigan  Cancer  Foundation  (NOl-CP-61028)  1973  1,566,500 

University  of  New  Mexico  (NOl-CP-33344)  1973  717,855 

University  of  Utah  (NOl-CP-43382)  1973  463,033 

Yale  University  (NOl-CP-33235)  1973  489,820 

Emory  University  (NOl-CP-61027)  1976  602,388 

Geomet,  Inc.  (NOl-CP-53522)  1975  885,154 

Commonwealth  of  Puerto  Rico  (NOl-CP-43386)  1968  146,626 
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Computer  Science  Section 

GEOMET,  Incorporated  (NOT  CP  81019) 

Title:  Biomedical  Computing,  Design  and  Implementation 

Contractor's  Project  Director:  Mr.  Richard  Allen 

Project  Officer  (NCI):  James  E.  Larson 

Objectives:  This  contract  provides  computer  systems  analysis  and  computer 
programming  support  to  the  Biometry  Branch  of  the  Field  Studies  and  Statistics 
Program.  The  contractor  is  developing  a  library  of  statistical  and  data 
management  computer  programs  for  use  in  the  collection  and  analysis  of  cancer 
incidence  and  end  results  data. 

Major  Findings:  The  contractor  is  providing  continuing  data  processing 
support  to  Biometry  Branch  investigators.  Computer  systems  and  programs  and 
related  products  are  developed  by  the  contractor  in  response  to  requests  from 
these  investigators.  This  year  the  contractor's  level  of  effort  averaged 
twelve  person-years. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

See  Project  Reports,  NCI,  Field  Studies  and  Statistics  Program,  Biometry 
Branch. 

Proposed  Course:  The  contract  was  recompeted  in  1978  for  a  two  year  period 
of  performance  at  approximately  the  current  level  of  effort.  The  contract  is 
presently  being  recompeted  with  an  award  expected  by  late  FY80  at  an  estimated 
annual  level  of  $980,000.  The  need  for  these  services  is  expected  to  continue 
indefinitely,  although  the  level  of  support  provided  to  each  organizational 
area,  as  well  as  the  total  level  of  effort  are  expected  to  fluctuate  signif- 
icantly over  time  with  changing  program  requirements. 

Date  Contract  Initiated:  9/28/78 

Current  Contract  Level :  $885,000  (12  months) 
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Biometric  Research  and  Analytic  Studies  Section 

HEALTH  INSURANCE  PLAN  OF  GREATER  NEW  YORK  (NOT -CP-43278) 

Title:  Evaluation  of  Periodic  Breast  Cancer  Screening  by  Mammography 

Contractor's  Project  Director:  Mrs.  Wanda  Venet 

Project  Officer  (NCI):  Dr.  Philip  C.  Prorok 

Objectives:  A.  To  determine  the  frequency  with  which  a  screening  technique 
using  mammography  and  clinical  examination  can  detect  early  breast  cancer. 

B.  To  establish  whether  such  screening  holds  substantial 
promise  for  improving  survival  rates  among  women  with  newly  diagnosed  breast 
cancer  and  for  lowering  breast  cancer  mortality  in  the  female  population. 

C.  To  investigate,  through  a  prospective  study  of  women 
screened,  the  relationships  of  a  wide  range  of  parameters  to  the  development 
of  breast  cancer. 

Methods  Employed:  This  is  a  combination  statistical-epidemiological-medical 
study  in  which  a  study  population  receiving  clinical  examination  plus 
mammography  at  annual  intervals  and  a  control  group  of  approximately  30,000 
women  each  are  being  routinely  followed  for  breast  cancer  experience  through 
internal  Health  Insurance  Plan  files  and  through  review  of  death  certificates. 
Details  of  the  techniques  are  given  in  a  paper  describing  the  methodology 
and  initial  findings  of  this  study  entitled  "Evaluation  of  Periodic  Breast 
Cancer  Screening  with  Mammography"  by  Sam  Shapiro,  Philip  Strax,  and 
Louis  Venet,  JAMA  195:  731-738,  1966. 

During  one  reexamination  cycle  44  cc  of  blood  was  taken  from  women  in  the 
study  population  and  stored  and  later  sent  to  the  Mayo  Clinic  for  research 
studies. 

Major  Findings:  Findings  to  date  strongly  suggest  the  usefulness  of  annual 
screening  which  includes  clinical  examination  plus  mammograph.  Over  a  12 
year  period  of  follow-up,  the  study  group  of  women  has  about  one-third  less 
mortality  from  breast  cancer  than  those  in  the  control  group.  This  reduction 
in  mortality  appears  to  be  concentrated  among  women  over  50  years  of  age. 
The  differential  between  control  and  study  cases  in  fatality  from  breast 
cancer  is  almost  entirely  due  to  the  exceptionally  low  rate  among  the  cases 
detected  through  screening.  Both  the  clinical  examination  and  mammography 
contributed  to  this  favorable  situation,  but  the  magnitude  of  the  independent 
contribution  of  each  modality  is  difficult  to  determine.  In  examining  various 
risk  factors  for  the  women  who  appeared  for  an  initial  screening,  the  follow- 
ing women  were  found  to  have  a  20-30%  increase  in  risk  of  breast  cancer: 
higher  educated  women,  Jewish  women,  and  unmarried  women.  Increasing  age  at 
first  pregnancy,  low  gravidity,  and  menarche  at  ages  under  15  are  associated 
with  a  50-100%  increase  in  risk. 
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Significance  to  NCI  Program  and  Biomedical  Research:  Early  diagnostic 
procedures  offer  considerable  promise  for  the  secondary  prevention  and 
potential  cure  of  cancer.  It  appears  that  the  combination  of  clinical 
examination  and  mammography  is  such  a  procedure  and  is  being  extended  to 
other  populations.  The  role  of  mammography  alone  in  this  process  is  being 
investigated. 

Proposed  Course  of  Project:  The  screening  part  of  the  study  is  complete  and 
the  emphasis  from  now  on  will  be  on  follow-up  and  data  analysis.  The  women 
will  be  followed  for  as  long  a  time  period  as  is  necessary  to  demonstrate  a 
favorable  long  term  impact  on  mortality  from  breast  cancer.  All  cases  of 
breast  cancer  will  be  followed  for  at  least  15  years.  During  the  current 
contract  year,  a  decision  will  be  made  on  whether  or  not  to  follow  all 
60,000  women  for  at  least  another  10  years.  This  would  address  two  issues. 
The  first  is  a  quantification  of  the  long  term  reduction  in  breast  cancer 
mortality  as  a  result  of  screening.  The  second  is  an  attempt  to  estimate 
the  risk  of  low  dose  ionizing  radiation  exposure  to  the  breast  in  inducing 
breast  cancer.  If  such  a  study  is  implemented,  it  will  be  done  under  a  new 
contract.  Supplemental  lines  of  inquiry  may  be  suggested  by  the  Breast 
Cancer  Task  Force. 

Date  Current  Contract  Initiated:  December  1 ,  1973 

Current  Annual  Level:  $314,657 
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Clinical  and  Diagnostic  Trials  Section 

INFORMATION  MANAGEMENT  SERVICES,  INC.  (N01CP71010)  I 

Title:  Computer  Services 

Contractor's  Project  Director:  Janis  Beach 

Project  Officer  (NCI):  Donald  K.  Corle 

Objectives:  This  program  provides  system  design  and  computer  programming 
support  for  projects  in  the  Clinical  and  Diagnostic  Trials  Section. 

Major  Findings:  The  contract  was  initiated  on  April  11,  1977  and  replaces 
contract  N01CP53524  previously  held  by  Mason  Research  Institute.  IMS 
periodically  edits  and  updates  data  bases  for  studies  of  prostate,  lung, 
testis,  and  breast  cancer.  IMS  personnel  have  written  most  of  the  computer 
programs  used  for  managing  these  studies. 

IMS  personnel  have  worked  closely  with  Drs.  Gail  and  Rubinstein  in  preparing 
detailed  reports  concerning  the  four  randomized  clinical  trials  of  the  DCT 
Lung  Cancer  Study  Group.  IMS  personnel  have  attended  the  biannual  meetings 
of  this  group  to  provide  technical  advice  concerning  forms  design  and  data 
processing. 

IMS  personnel  have  continued  to  work  with  Drs.  Green  and  Byar  in  developing 
computer  programs  for  interactive  statistical  analysis.  New  programs  for 
scatter  plots,  linear  regression  and  subset  selection  were  completed  this 
year  and  numerous  improvements  were  made  to  existing  programs. 

IMS  was  contracted  to  support  the  DCCR  Hospice  Demonstration  Project  for  which 
Dr.  Muenz  is  the  statistician.  IMS  started  this  support  when  services  from 
the  previous  contractor  were  terminated. 

Other  projects  for  which  IMS  has  given  technical  programming  support  include 
a  study  of  sickle-cell  anemia,  completion  of  a  study  to  evaluate  the 
psychological  impact  of  mastectomy,  a  study  of  mycosis  fungoides,  a  study 
of  radiotherapy  for  prostate  cancer  involving  three  medical  centers,  and 
analyses  of  randomized  trials  from  the  DCT  Brain  Tumor  Study  Group. 

Proposed  Course:  IMS  personnel  have  worked  with  the  Section  for  all  of 
Fiscal  Year  1980.  The  contractor  has  been  very   responsive  to  the  needs  of 
the  Section.  The  contractor's  major  responsibility  will  be  in  the  development 
of  editing,  file  maintenance  and  statistical  programs  for  the  research 
Projects  conducted  by  the  Section. 

Date  Contract  Initiated:  April  11,  1977 

Current  Contract  Level:  $360,000  FY  1980 
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ISRAEL  CENTER  FOR  REGISTRATION  OF  CANCER  AND  ALLIED  DISEASES 
(NOl-CP-33351) 

Title:  Continued  Cancer  Registration  and  Selected  Studies 

Contractor's  Project  Director:  Dr.  Leah  A.  Katz 

Project  Officers:  William  I.  Lourie,  Jr. 

John  L.  Young,  Jr.,  Dr.P.H. 

Objectives:  With  primary  focus  upon  the  effective  functioning  of  the 
Israel  Cancer  Registry  (ICR)  and  the  collection  of  high-quality  detailed 
data,  (1)  to  continue  the  country-wide  registration  of  cancer  patients, 
(2)  to  utilize  the  data  in  a  variety  of  statistical  and  epidemiological 
studies,  (3)  to  conduct  studies  requiring  the  acquisition  of  additional 
information  from  other  record  sources,  (4)  to  aid  the  planning  and 
implementing  of  field  epidemiological  studies  involving  collaboration 
with  specialists  and  other  organizations,  (5)  to  increase  the 
interrelationship  with  NCI's  SEER  Program  by  assuming  the  functions  of  an 
auxiliary  member  participant  in  the  SEER  Program. 

Major  Findings:  By  matching  with  other  national  record  sources  the  ICR 
obtains  data  concerning  country  of  origin,  date  of  immigration,  date  and 
cause  of  death,  and  precise  treatment  information  as  well  as  the  usual 
registry's  identification  of  the  cancer  patient's  demographics  and  the 
tumor's  primary  site,  histology,  and  extent  of  spread.  To  paraphrase 
some  observations  in  a  December  1979  paper  "Cancer  Pattern  in  Israel: 
Selected  Aspects"  in  the  Israel  Journal  of  Medical  Sciences:  In  the 
total  Jewish  population,  lung  cancer  accounts  for  one  in  seven  cancers  in 
males,  and  breast  cancer  for  one  in  four  female  cancers.  Major  trends 
since  1960  show  decrease  in  both  sexes  of  stomach  cancer  and  an  increase 
in  cancer  of  colon  and  rectum  and  in  malignant  melanoma.  The  incidence 
of  lung  cancer  has  reached  a  plateau  in  males,  but  continues  to  rise  in 
females.  According  to  country  of  birth,  lung  cancer  in  persons  aged 
35-74  years  was  of  high  incidence  in  males  born  in  Turkey,  Morocco, 
Algeria,  Tunisia,  Bulgaria,  or  Greece;  and  in  females  born  in  Eastern 
Europe.  Lung  cancer  was  very  low  among  Yemenites  of  both  sexes  and  in 
non-Jewish  women.  After  a  mass  immigration  in  the  1960 's  there  was  an 
apparent  increase  in  cervical  cancer  in  North  African  Jewish  women;  this 
seems  to  have  been  a  temporary  phenomenon.  However,  there  may  be  a 
rising  incidence  in  cervical  cancer  among  Israel-born  females,  but  this 
is  based  upon  a  very  small  number  of  cases.  Increased  incidence  of 
malignant  melanoma  of  the  skin  in  European-  and  American-born  Jews  with 
alarmingly  high  rates  for  women  and  for  young  adults  was  the  basis  for  a 
national  concern  resulting  in  a  symposium  and  early  case-finding  emphasis 
in  the  medical  profession  and  in  a  continuing  study  of  differing  ethnic 
practices  among  agricultural  workers  concerning  work  clothing.  Effect  of 
the  work  environment  is  also  a  major  focus  of  a  study  based  upon  a  rising 
incidence  gradient  in  lung  cancer  from  Jerusalem  to  Tel  Aviv  to  Haifa, 
but  with  no  similar  geographic  patterns  for  cancer  of  bladder  or 
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pancreas.  Detailed  observations  point  also  to  possible  future  study  of 
higher  than  generally  expected  occurrence  of  cancer  of  the  esophagus 
among  those  born  in  Iran  and  Yemen  and  of  nasopharyngeal  cancer  among 
those  born  in  North  Africa. 

Significance  to  NCI  Program  and  Biomedical  Research:  Because  of  the 
large  number  of  ethnic  and  immigrant  groups,  Israel's  cancer  data  have 
unique  epidemiologic  potential  and  fit  well  into  the  Branch's 
collaborative  program  of  studies  of  changed  patterns  of  cancer  incidence 
and  mortality  after  migration.  Since  becoming  an  auxiliary  participant 
member  of  the  SEER  Program,  the  ICR  has  analyzed  specifically  collected 
survival  data  to  supplement  the  previous  analyses  by  NCI's  End  Results 
Program  and  is  submitting  data  tapes  to  the  SEER  Program  in  addition  to 
its  own  analyses.  Participation  of  ICR's  analysts  has  also  produced 
hypotheses  originating  in  Israeli  data  which  might  be  candidates  for 
replication  studies  by  NCI.  In  addition,  this  contractual  relationship 
makes  possible  the  continued  contribution  of  ICR  data  to  the  valuable 
"Cancer  Incidence  in  Five  Continents"  series  sponsored  by  WHO,  UICC, 
lARC,  and  lACR  (respectively,  the  World  Health  Organization, 
International  Union  Against  Cancer,  International  Agency  for  Research  on 
Cancer,  and  the  International  Association  of  Cancer  Registries)  and  to 
the  research  programs  of  these  organizations  as  well  as  NCI.  ICR  has 
identified  and  contributes  to  the  discussion  and  possible  resolution  of 
new  methodological  problems  associated  with  analysis  of  registry  data. 
At  this  time,  for  example,  there  is  the  problem  of  which  is  the  proper 
"population  at  risk"  to  use  in  studies  which  match  two  different 
registers  with  different  time  spans  and  coverage. 

Proposed  Course:  Continued  accomplishment  of  the  objectives  outlined 
above  is  enhanced  by  the  updating  of  the  technical  competence  of  the  ICR, 
The  recent  introduction  of  a  microcomputer  will  make  more  efficient  the 
input  procedures,  more  rapid  production  of  basic  data  searches  and 
tabulations,  and  the  more  effective  use  of  scarce  file  space. 

Date  Contract  Initiated:  June  28,  1972 

Current  Contract  Level:  $126,000  (Total  April  1980  to  March  1981) 
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Office  of  the  Chief 

KUAKINI  MEDICAL  CENTER  (N01CP61060) 

Title:  Study  of  Cancer  Among  Japanese  Migrants 

Contractor's  Project  Director:  Dr.  Abraham  Nomura 

Project  Officers  (NCI):  Dr.  Earl  S.  Pollack,  Dr.  James  Murray  and 

Dr.  David  Levin 

Objectives:  The  purpose  of  this  contract  is  to  collect  data  bearing  on  the 
reasons  for  the  differences  in  cancer  incidence  between  Japanese  on  the  home 
islands  and  the  Japanese  migrant  populations  in  Hawaii.  The  objective  is  to 
sort  out  those  aspects  of  common  cancers  which  may  be  genetically  involved  and 
those  which  may  derive  from  aspects  of  the  environment  or  some  mixture  of  the 
two. 

Methods  Employed:  Standard  demographic  techniques  have  been  employed, 
including  case-control  and  cohort  studies.  The  matched  case-control  technique 
is  particularly  useful  in  this  kind  of  study.  Pathology  protocols  have  been 
completed  for  cases  in  the  study  series  for  several  sites  (stomach,  colon, 
rectum)  and  considerable  emphasis  has  been  placed  on  the  correlation  of  the 
epidemiological  and  pathology  findings.  A  cohort  of  Hawaiian  Japanese  males 
assembled  by  the  National  Heart,  Lung  and  Blood  Institute  for  studies  of 
cardiovascular  disease  has  been  examined  for  information  relevant  to 
gastrointestinal  cancers  and  their  subsequent  cancer  morbidity  experience  is 
being  monitored. 

Major  Findings:  The  cancer  risks  for  Japanese  migrants  differ  from  those 
observed  in  Japan;  the  migrant  risks  are  higher  for  lung,  colon,  rectum, 
prostate  and  lower  for  stomach  cancer.  The  case-control  studies  show  an 
excess  consumption  of  salted  and  dried  fish  and  pickled  "salted"  vegetables, 
some  of  which  are  rich  in  secondary  amines,  by  stomach  cancer  patients.  Since 
nitrites  and  secondary  amines  can  be  synthesized  in  vivo  into  nitrosamines, 
which  are  potent  carcinogens,  a  possible  etiology  is  suggested  for  further  study. 
They  have  found  that  low  group  I  serum  pepsinogen  levels  are  ^ery   specific  for 
intestinal  metaplasia,  which  is  strongly  suspected  to  be  a  precursor  lesion  of 
stomach  cancer.  On  this  basis,  a  working  hypothesis  is  that  low  group  I  serum 
pepsinogen  levels  are  associated  with  gastric  cancer. 

In  a  search  for  etiologic  factors,  these  studied  in  Hawaii  and  Japan  are  now 
looking  for  differences  in  intestinal  flora  and  fecal  chemistry  between  the 
native  and  migrant  Japanese.  Through  the  use  of  the  Ames  test  fecal  samples 
from  large  numbers  of  people  in  both  Hawaii  and  Japan  are  being  screened  for 
the  presence  of  mutagens.  Although  the  inference  about  carcinogenicity  based 
on  mutagenicity  is  still  the  focus  of  controversy,  18%  of  the  samples  tested 
in  Japan  have  been  found  positive  for  mutagens  compared  with  37%  in  Hawaiian 
samples.  Dr.  Mower  and  Dr.  Mandel  at  the  University  of  Hawaii  have  also  been 
collaborating  on  this  research.  Preliminary  analysis,  based  on  the  first  80 
colon  cancer  cases  and  the  first  55  rectum  cancer  cases,  has  revealed  that 
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serum  cholesterol  levels  were  much  lower  among  those  who  subsequently 
developed  colon  cancer  than  among  those  who  subsequently  developed  rectal 
cancer.  Similar  findings  have  been  noted  in  other  prospective  studies  and  the 
topic  of  the  apparent  inverse  relationship  between  serum  cholesterol  and 
cancer  in  general  has  become  one  of  great  interest  to  the  National  Heart,  Lung 
and  Blood  Institute.  The  two  institutes  are  exploring  this  issue  further  on 
a  collaborative  basis  in  this  study. 

Significance  to  NCI  Program  and  Biomedical  Research:  If  the  studies  in  these 
migrant  populations  elucidate  the  environmental  factors  involved  in  the 
incidence  of  certain  forms  of  cancer,  and  indicate  those  that  are  predominantly 
environmental  and  those  which  are  predominantly  genetic,  then  it  may  be 
possible  to  apply  these  findings  to  the  United  States  population  for  purposes 
of  cancer  prevention  and  cancer  control. 

Proposed  Course:  The  Kuakini  contract  is  expected  to  continue  for  several 
years  because  of  the  long-range  nature  of  this  prospective  cohort  study. 
Staff  of  the  Biometry  Branch  is  collaborating  on  the  analysis  of  the 
longitudinal  data.  The  collaboration  with  the  Japanese  is  continuing  through 
a  subcontract  with  Akita  University  for  studies  in  Akita  and  Chokai  Village. 

Date  Contract  Initiated:  June  1971 

Current  Annual  Level :  $504,000 
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Office  of  the  Chief 

LOUISIANA  STATE  UNIVERSITY  MEDICAL  CENTER  (N01CP53521) 
FUNDACION  PARA  LA  EDUCACION  SUPERIOR  (N01CP33286) 

Title:  Studies  of  Epidemiology  and  Geographic  Pathology  of  Cancer 

Contractor's  Project  Director:  Dr.  Pelayo  Correa  (N01CP53521) 

Dr.  Carlos  Cuello  (N01CP33286) 

Project  Officers  (NCI):  Dr.  James  Murray  and  Dr.  David  Levin 

Objectives:  To  conduct  pathological  studies  of  premalignant  lesions  in  New 
Orleans  and  Colombia,  and  to  correlate  findings  with  incidence  and  pathology 
data  from  other  communities;  to  conduct  laboratory  experiments  to  elaborate 
and  test  hypotheses  derived  from  field  studies. 

Methods  Employed:  Cancer  registries  are  being  supported  to  provide  the 
necessary  baseline  data  for  these  studies.  Standardized  procedures  have  been 
developed  for  examining  autopsy  and  surgical  specimens  for  premalignant 
lesions.  Some  of  the  laboratory  work  involves  testing  for  mutagenicity. 

Major  Findings:  Based  on  the  observed  correlation  between  colorectal  polyps 
and  subsequent  cancer,  the  investigators  in  New  Orleans  are  continuing  their 
studies  of  premalignant  lesions  in  autopsy  and  surgical  pathology  specimens. 
Laboratory  studies  are  continuing  to  find  ways  to  elaborate  and  test  hypotheses 
derived  from  studies  of  epidemiology  and  geographic  pathology.  These  include  a 
comparative  study  of  the  mutagenic  activity  in  fecal  specimens  from  polyp- 
bearers  and  controls.  Collaboration  is  continuing  with  investigators  in  Brazil 
on  studies  of  cancer  of  the  esophagus  and  the  anorectal  region  which  appear 
with  relatively  high  frequency  in  certain  areas  of  Brazil.  Two  years  of  cancer 
incidence  data  have  been  collected  by  the  new  registry  in  La  Paz,  Bolivia,  and 
preliminary  analyses  are  in  progress.  The  registry  in  Cali,  Colombia  has 
produced  its  latest  dataset  for  inclusion  in  the  next  edition  of  the  Cancer 
Incidence  in  Five  Continents.  Multidisciplinary  studies  of  the  clinical, 
dietary,  biochemical  and  histopathological  aspects  of  preneoplastic  gastric 
dysplasias  in  high  risk  areas  of  Colombia  are  continuing.  A  case-control  study 
of  cervical  cancer  in  Cali  is  nearing  completion,  and  it  will  indicate  the  risk 
of  invasive  cervical  carcinoma  in  women  who  have  never  been  screened 
cytologically  relative  to  those  with  a  history  of  screening. 

Significance  to  NCI  Program  and  Biomedical  Research:  This  research  on  the 
etiology  of  stomach  and  colorectal  cancer  may  lead  to  the  development  of 
useful  preventive  measures  for  these  diseases. 

Proposed  Course  of  Projects:  Contracts  will  be  completed  in  May,  1981. 

Dates  Contracts  Initiated:  January  1,  1975  (N01CP53521) 

June  29,  1966    (N01CP33286) 

Current  Annual  Level :  $150,000   (N01CP53521) 
$  76,000   (N01CP33286) 
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Office  of  the  Chief 

UNIVERSITY  OF  MINNESOTA  (N01-CP-91021 ) 
UNIVERSITY  OF  BERGEN  (NORWAY)  (N01 -CP-91043) 

Title:  Analyses  of  Prospective  Studies  on  Diet,  Cancer  and  Other  Diseases 
in  Selected  Migrant  Populations  (Norwegian) 

Contractor's  Project  Directors:  Dr.  Leonard  Schuman  (N01-CP-91021 ) 

Dr.  Erik  Bjelke  (NOl -CP-91043) 

Project  Officers  (NCI):  Mr.  Joseph  Scotto,  Director,  Health  Serivces  Officer 

Dr.  John  Gart,  Mathematical  Statistician 

Objectives :  To  determine  the  reasons  for  difference  in  cancer  incidence  and 
mortality  in  sedente  populations  and  migrant  populations  of  the  same  ethnic 
and  genetic  composition.  To  pursue  leads  relative  to  diet  variations  among 
the  two  population  groups. 

Methods  Employed:  Prospective  follow-up  studies  of  two  basic  cohorts  (one  in 
the  USA  and  one  in  Norway)  are  being  conducted.  Dietary  and  demographic  data 
obtained  from  responses  to  questionnaires  distributed  in  1966-67  form  the 
original  baseline  data  to  be  compared  with  subsequent  histories  of  disease 
(via,  cause  of  death  information  from  death  certificates  in  the  USA,  and 
cancer  registration  as  well  as  information  on  deaths  from  all  causes  in  Norway), 

Major  Findings:  The  Lutheran  Brotherhood  study  has  reported  467  cancer  deaths 
in  11-1/2  years  of  follow-up  of  17,818  respondents  (including  2004  whose 
policies  lapsed)  to  the  basic  dietary  interview.   Lung  cancer  deaths  (90) 
accounted  for  the  highest  mortality  for  a  single  cancer  site  followed  by 
colon  cancer  (63),  and  prostate  cancer  (61).  Cancers  of  the  digestive  system 
accounted  for  167  of  the  total  cancer  deaths;  leukemia  and  "other 
hematopoietic"  cancers  accounted  for  72  deaths.  Deaths  from  all  causes 
totaled  2305,  of  which  deaths  from  heart  disease  accounted  for  about  half 
(1025). 

Socio-demographic  descriptions  of  the  cohorts  as  well  as  information  on 
dietary  habits  of  the  individuals  followed  in  this  prospective  study  were 
provided  in  a  paper  to  be  published.  The  respondent  cohort  is  more  likely 
than  other  populations  to  have  middle  and  upper  socioeconomic  characteristics, 
is  more  likely  to  be  married,  and  is  more  likely  to  have  some  college  education, 
The  present  cohort  contains  a  larger  proportion  of  farmers  (31%)  than  is  found 
in  the  U.S.  population  (4%),  and  since  their  dietary  habits  may  be  different 
from  the  non-farmers  they  are  considered  separately  in  many  analyses. 

Specific  analyses  of  colorectal  cancer  deaths  (63+14)  have  begun.  At  this 
juncture  preliminary  findings  do  not  indicate  a  lower  risk  of  colorectal 
cancers  among  individuals  with  diets  having  a  high  consumption  of  vegetables 
or  with  high  fiber  consumption.  This  conclusion  is  based  on  11-1/2  years  of 
follow-up  information  and  is  at  variance  with  earlier  preliminary  estimates 
which  were  based  on  few  cases  and  missing  information.  An  association  with 
meat  consumption  and  colorectal  cancer  is  apparent;  however,  the  association 
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appears  greatest  for  consumption  of  bacon,  sidepork,  salted  ham/pork,  than 
with  beef.  Norwegian  data  are  also  expected  to  show  increased  risks  for 
consumers  of  processed  meats,  such  as  sausages  and  pork  products. 

Extensive  analyses  are  being  conducted  to  measure  the  degree  of  association 
between  alcohol  consumption  and  cancer  mortality.  There  appears  to  be  a 
strong  association  between  beer  consumption  and  colon  cancer.  An  association 
with  beer  consumption  and  liquor  consumption  is  also  apparent  with  pancreas 
cancer.  However,  statistical  significance  is  lost  for  liquor  consumption, 
when  controlling  for  age,  cigarette  smoking  and  beer  consumption. 

The  available  data  continue  to  suggest  that  vitamins  A  and  C  are  associated 
with  lower  risk  to  lung  cancer. 

Proposed  Course  of  Project:  A  new  contract  with  the  University  of  Bergen 
has  been  implemented.  Though  this  replaces  the  one  previously  held  by  the 
Public  Health  Service  of  Norway,  the  new  principal  investigator.  Dr.  Erik 
Bjelke,  was  also  the  key  researcher  on  the  original  contract.  Thus, 
continuity  has  been  maintained. 

This  foreign  contract  took  6  months  to  negotiate.  The  delay  has  hampered  the 
progress  of  this  study,  as  the  appropriate  people  could  not  have  been  hired 
on  time.  Dr.  Bjelke  met  with  the  project  officers,  the  principal  investigator 
from  Minnesota,  and  other  members  of  the  NCI  this  past  February  (1980). 
Dr.  Gart  of  NCI  has  developed  specific  methodology  to  be  used  for  the  analysis 
of  the  Norwegian  data  base,  when  these  data  become  available.  Work  in  Norway 
thus  far  has  centered  on  the  development  of  an  updated,  edited  and  error-free 
data  base,  including  up  to  11  years  worth  of  follow-up  information. 

Though  Norwegian  data  will  be  developed  and  analyzed  independently  from  the 
Lutheran  Brotherhood  data,  NCI  researchers  will  work  with  all  principal 
investigators  in  corroborating  results  from  the  two  parallel  studies. 

Future  analyses  will  include  the  evaluation  of  nutrient  indices  developed  from 
the  U.S.  Department  of  Agriculture's  Handbook  #8,  Composition  of  Foods,  1975. 
The  indices  relate  to  measures  of  the  dietary  consumption  of  fibers,  fat, 
carbohydrates,  total  protein  and  animal  protein. 

Significance  to  NCI  Program  and  Biomedical  Research:  This  project  is  one  of 
a  few  prospective,  long  term  epidemiologic  studies  designed  to  discern  the 
influence  of  diet  as  well  as  other  environmental  factors  on  the  incidence  and 
mortality  of  cancer.  Isolation  of  these  environmental  elements  will  be  useful 
in  providing  new  leads  on  cancer  etiology  and  in  providing  guidelines  for 
preventive  measures. 

Date  Contract  Initiated:  June  1966      (NOl-CP-91021 ) 

September  1979  (NOl-CP-91043) 

Current  Annual  Level :  $129,132  (NOl-CP-91021) 
$  82,186  (NOl-CP-91043) 


1065 


Office  of  the  Chief 

UNIVERSITY  OF  SOUTHERN  CALIFORNIA  (N01CP91027) 

Title:  Study  of  Cancer  Incidence  in  the  South  Pacific 

Contractor's  Project  Director:  Dr.  Brian  E.  Henderson 

Project  Officer  (NCI):  Dr.  Earl  S.  Pollack 

Objectives:  To  develop  a  comprehensive  cancer  incidence  reporting  system 
for  the  South  Pacific,  including  Melanesia,  Polynesia  and  Micronesia,  so  that 
incidence  rates  for  the  various  ethnic  groups  in  those  islands  can  be  compared 
with  those  of  their  counterparts  in  Hawaii  and  with  incidence  rates  in  general 
elsewhere  in  order  to  generate  additional  hypotheses  regarding  cancer  etiology. 

Methods  Employed:  Working  through  the  South  Pacific  Commission  as  well  as 
directly  with  personnel  on  the  island,  develop  and  improve  the  reporting  of 
all  cancers  occurring  among  residents  of  the  South  Pacific  islands.  Data  are 
collected  on  a  standard  form  and  sent  to  the  University  of  Southern  California 
for  processing.  Tabulations  and  analyses  will  be  carried  out  by  USC  staff  and 
data  tapes  will  be  sent  to  NCI  for  further  analyses. 

Major  Findings:  Data  collection  is  now  going  on  and  no  data  are  yet  ready 
for  preliminary  analysis. 

Significance  to  NCI  Program  and  Biomedical  Research:  The  project  is  highly 
relevant  to  work  now  going  on  in  the  Biometry  Branch  for  at  least  two  reasons: 
(1)  It  will  provide  cancer  incidence  data  on  a  set  of  unique  population  groups 
in  a  way  that  will  permit  comparison  with  those  for  populations  now  being 
studied  through  the  SEER  Program;  (2)  These  particular  population  groups 
represent  countries  of  origin  for  many  of  the  population  groups  in  Hawaii  and 
therefore  form  the  basis  for  comparative  data  on  migrants.  This  provides  a 
unique  opportunity  to  develop  hypotheses  for  study  of  cancer  etiology. 

Proposed  Course  of  Project:  It  is  anticipated  that  the  project  will  continue 
for  two  years  and  analysis  of  the  data  will  determine  whether  continuation  of 
the  project  beyond  that  point  is  needed  and  warranted. 

Date  Current  Contract  Initiated:  September  14,  1979 

Current  Contract  Level :  $32,856 
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ANNUAL  REPORT 

CLINICAL  EPIDEMIOLOGY  BRANCH 

OCTOBER  1,  1979  THROUGH  SEPTEMBER  30,  1980 

"In  the  fields  of  observation,  chance  favors  only  the  mind  that  is 
prepared. " 

Quoted  by  Rene  Vallery-Radot  in  the  Life  of  Pasteur  (1927) 

Clinical  Epidemiology  is  a  form  of  observational  research  in  which  one 
must  make  the  most  of  natural  occurrences  to  determine  the  causes  and 
mechanisms  of  disease.  Our  approach  is  not  traditional,  but  has  proved  to 
be  continuously  productive.  Specifically,  the  Clinical  Epidemiology  Branch 
(CEB)  seeks  peculiarities  in  the  occurrence  of  cancer  in  persons,  families, 
communities  or  industries  that  may  lead,  in  conjunction  with  recently 
developed  laboratory  research,  to  new  knowledge  of  biology.  In  this  way, 
study  of  human  disorders  may  illuminate  areas  for  which  no  animal  models 
are  yet  known.  Such  observations  may  lead  to  new  concepts  of  early  detection 
and  prevention. 

Staff 

Dawn  D.  Hassinger,  Ph.D.,  M.D.,  after  two  years  as  a  Clinical 
Investigator,  returned  to  Yale  University  as  an  Oncology  Fellow  in  August, 
1980.  The  professional  staff  consists  now  of  six  physicians  trained  in 
pediatrics,  internal  medicine,  oncology,  hematology,  human  genetics  and/or 
epidemiology;  a  biostatistician;  a  geneticist;  two  masters-level 
epidemiologists;  and  a  computer  technologist. 

Clinical  Activities 

A  main  interest  of  the  Branch  has  been  to  ascertain  patients  with 
unusual  personal  or  family  histories  of  cancer  sometimes  associated  with 
diseases  other  than  cancer.  During  the  year,  several  of  our  observations 
have  been  greatly  advanced  by  laboratory  research  done  by  others.  We  have 
continued,  for  example,  to  collect  specimens  of  skin  for  fibroblasts  from 
patients  with  the  aniridia-Wilms'  tumor  syndrome,  first  described  by  us  in 
1964.  All  such  cases  show  partial  deletion  of  a  short  arm  of  chromosome 
11.  These  observations,  coupled  with  our  report  during  the  past  year  of  a 
consistently  found  translocation  from  chromosome  3  to  8  in  a  Boston  family 
with  ten  members  affected  by  renal  cell  carcinoma,  have  added  greatly  to 
the  understanding  of  susceptibility  to  cancer  and  to  the  role  of  mutations 
affecting  germ  cells  in  relation  to  others  affecting  somatic  cells  (i.e., 
Knudson's  hypothesis). 

Family  studies:  As  time  passes,  additional  cancers  are  occurring 
in  families  already  under  study,  often  predictably  in  members  who  were  in 
the  line  of  descent  of  affected  relatives.  Double  primaries  have  also 
been  prominent  in  these  families.  The  reasons  for  this  tremendous  host 
susceptibility  to  cancers  of  dissimilar  type  have  yet  to  be  elucidated, 
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but  through  the  use  of  techniques  provided  by  the  rapid  advances  in 
molecular  biology  and  somatic  cell  genetics,  a  means  for  understanding 
them  may  soon  be  at  hand.  This  applies  not  only  to  the  role  of  genetics, 
but  also  to  environmental  interactions  in  the  susceptible  host. 

In  one  such  family,  seven  members  of  which  have  developed  acute 
myelogenous  leukemia  through  the  maternal  line,  evidence  of  some  defect  in 
DNA  repair  has  been  found  in  affected  members  whose  skin  fibroblasts  have 
been  studied  under  our  contract  with  Atomic  Energy  of  Canada,  Ltd.  The 
results  are  in  the  same  family  members  whose  fibroblasts  in  culture 
displayed  increased  transformabi lity  by  a  simian  virus  40  when  studied  by 
Dr.  George  J.  Todaro  in  1969.  The  purpose  of  the  contract  is  to  explore 
DNA  repair  defects  as  an  explanation  for  certain  family  or  individual 
susceptibilities  to  cancer,  to  the  effects  of  ionizing  radiation  or  the 
effects  of  chemotherapy.  Human  cells  that  are  sensitive  to  environmental 
agents  in  culture  may  be  useful  to  screen  for  human  mutagens  (carcinogens) 
in  the  future.  In  any  event,  the  contract  will  help  evaluate  the 
reliability  and  value  of  DNA  repair  studies  for  more  general  application 
in  clinical  research.  From  August,  1978, until  February  15,  1979,  thirty 
strains  collected  by  NCI  plus  twenty  others  have  been  studied  under  the 
contract.  Three  other  families  with  leukemia  do  not  show  the  DNA  repair 
abnormality  mentioned  above.  Fibroblasts  from  a  family  with  Hodgkin's 
disease  and  radiogenic  breast  cancers  displayed  radiosensitivity  under 
hypoxic  conditions.  With  regard  to  tuberous  sclerosis,  two  of  three  strains 
tested  to  date  are  sensitive  to  ionizing  radiation.  This  is  intriguing, 
because  one  of  the  three  patients  in  the  initial  clinical  report  describing 
radiation  sensitivity  in  ataxia-telangiectasia  had  features  of  tuberous 
sclerosis.  Preliminary  studies  of  four  patients  with  Gardner's  syndrome 
demonstrate  sensitivity  to  the  chemical,  MNNG,  in  two.  The  contract  will 
complete  its  3-year  non-renewable  course  in  June,  1981. 

In  the  absence  of  its  own  laboratory,  the  Branch  would  greatly  benefit 
from  a  contract  with  a  research  laboratory  competent  in  a  variety  of 
techniques  for  studying  somatic  cell  genetics.  A  "sources  sought"  statement 
has  been  published  to  this  end,  and  two  responses  are  currently  under 
review. 

Etiologic  ward  rounds:  ttew  cases  of  potential  etiologic  interest 
come  to  our  attention  at  ward  rounds,  in  clinics,  and  by  consultations 
requested  at  local  hospitals  --  also  by  mail  or  by  telephone.  The  volume 
of  consultations  is  substantial,  and  has  led,  for  example,  during  the  past 
year  to  identification  of  Dilantin  as  a  transplacental  carcinogen  when  we 
learned  of  a  fourth  case  of  neuroblastoma  in  the  U.S.  since  1976  in  a 
child  with  the  fetal  hydantoin  syndrome.  Finding  such  new  information, 
interpreting  it  and  making  it  generally  known  is  a  main  function  of  the 
Branch.  The  approach  is  ad  hoc.  It  depends  on  seizing  opportunities  as 
they  arise.  Thus  we  cannot  specify  what  diseases  we  will  be  studying  in 
the  future.  We  can  only  say  it  will  be  more  of  the  same,  and  offer  our 
list  of  publications  as  evidence  of  past  productivity,  and  claim  that  an 
approach  that  has  worked  until  now  will  continue  to  work.  The  approach  is 
different  from  that  followed  by  grant-  or  contract-supported  research,  for 


1068 


it  is  highly  unstructured  and  more  concerned  with  generating  than  with 
testing  hypotheses.  We  hope  to  set  an  example  of  a  research  style  that 
differs  from  usual  and  will  spread  at  least  in  a  small  way  to  universities 
and  clinicians  in  general. 

We  have  tried  to  enhance  this  spread  by  having  our  staff  make  etiologic 
rounds  regularly  at  nearby  universities  (Georgetown,  Children's  Hospital 
National  Medical  Center,  NCI,  Johns  Hopkins,  the  University  of  Maryland 
Hospital  and  the  Sidney  Farber  Cancer  Research  Foundation),  and  intermittently 
by  rounds  and  lectures  on  invitation  by  universities  and  other  medical 
groups  elsewhere  in  the  U.S.  The  Branch  bibliography  contains  evidence  of 
observations  gleaned  from  ward  rounds;  e.g.,  trilateral  retinoblastoma  in 
a  child  at  D.C.  Children's  Hospital  with  both  eyes  and  the  pineal  gland 
(the  "third  eye")  affected  by  tumor  due  apparently  to  involvement  of  retino- 
cytes  that  are  naturally  present  in  the  pineal,  but  have  not  been  recognized 
as  a  source  of  disease  in  that  gland.  Two  other  unreported  cases  were 
subsequently  located  in  Philadelphia  and  in  Amsterdam,  the  Netherlands,  in 
addition  to  two  others  reported  in  the  medical  literature.  The  observation 
fills  a  gap  in  our  clinical  understanding,  tells  us  something  more  about 
the  pineal  gland  than  we  previously  appreciated,  and  relates  once  again  to 
Knudson's  hypothesis  which  can  predict  the  frequency  with  which  the  pineal 
will  be  involved  in  patients  with  the  hereditary  (multifocal)  form  of 
retinoblastoma. 

Establishment  of  a  Human  Genetics  Clinic  at  NIH:  A  major  development 
during  the  past  year,  through  the  efforts  of  Drs.  Lamon  and  Parry  in 
conjunction  with  Dr.  Joseph  Schulman  of  NICHD,  has  been  the  establishment  of 
a  Human  Genetics  Clinic  for  all  of  the  institutes  at  NIH.  The  clinic  now 
appears  to  be  a  success,  with  more  than  250  patients  seen  during  its  first 
year.  The  Clinic  represents  a  coalition  of  talent  for  the  study  of  cancer 
families  (a  substantial  number  of  the  total),  and  provides  the  facilities 
we  require  to  examine  patients  of  unusual  interest  and  to  obtain  specimens 
for  laboratory  research.  Often  in  the  past  we  have  written  that  progress 
in  cancer  etiology  is  fastest  when  an  interaction  occurs  among  epidemiology, 
clinical  medicine  and  laboratory  research.  The  Clinic  helps  us  to  practice 
what  we  preach. 

Chromosome  maps  of  cancer:  A  map  has  been  prepared  showing  chromosomes 
known  to  have  abnormalities  in  number  or  structure  in  leukemia,  lymphopro- 
liferative  disorders  or  other  solid  tumors.  Nine  of  the  23  chromosome- 
pairs  are  not  yet  known  to  have  consistent  cytogenetic  abnormalities 
associated  with  specific  cancers. 

Neurofibromatosis:  The  Branch  has  long  had  a  smouldering  interest  in 
neurofibromatosis,  an  autosomal  dominant  hereditary  disorder  with  multiple 
tumors  both  superficial  and  internal,  and  much  too  often  malignant.  This 
interest  was  heightened  by  two  studies  published  by  the  Branch  a  year  or 
so  ago  which  indicated  that  non-neural  tumors,  specifically  non-lymphocytic 
leukemia  and  rhabdomyosarcoma,  occurred  excessively  in  people  with  the 
genetic  disorder.  Neurofibromatosis  (NF)  affects  about  100,000  people  in 
the  U.S.  Several  other  investigators  elsewhere  developed  an  interest  in 
studying  the  disease  at  about  the  same  time  we  did.  New  laboratory  approaches 
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to  carcinogenesis  in  relation  to  the  genetic  defect  responsible  for  NF 
may  be  appropriate.  To  define  the  possibilities,  the  Branch  held  a  national 
meeting  in  June, 1979,  at  which  biologic  approaches  (epidemiologic,  clinical 
and  laboratory)  were  defined,  along  with  prospects  for  the  future.  The 
proceedings  will  be  published  by  the  two  organizers  of  the  meeting.  Dr. 
John  J.  Mulvihill  of  our  Branch  and  Dr.  Vincent  M.  Riccardi  of  the  Baylor 
College  of  Medicine,  Texas  Medical  Center. 

Since  then,  the  theatrical  production,  The  Elephant  Man,  drew  public 
attention  to  the  disease,  especially  through  publicity  in  the  news  media 
when  the  play  opened  in  the  Washington  area.  We  received  almost  100 
telephone  calls  from  people  in  the  community  many  of  whom  have  real  but 
unmet  problems  with  regard  to  the  disease.  ("My  wife  died  recently  of  NF 
at  the  age  of  43.  My  9-year-old  son,  at  present  unaffected,  has  seven 
large  cafe-au-lait  spots.  What  should  I  do?")  A  summary  of  this  experience 
and  its  medical  and  research  implications  is  being  prepared.  A  comprehensive 
investigation  of  NF  families  is  being  made  in  the  newly  established  Genetics 
Clinic  in  collaboration  with  clinicians  and  laboratories  in  other  Institutes 
or  outside  NIH. 

Radiation  Effects 

Dr.  Gilbert  W.  Beebe,  an  Expert  Consultant  in  the  Branch,  devotes 
much  of  his  time  to  the  re-emergence  of  fear  about  low-dose  radiation 
effects.  As  a  sociologist-statistician  with  an  extended  experience  at 
the  Atomic  Bomb  Casualty  Commission  in  Japan,  he  meets  regularly  as  an 
advisor  at  the  NIH  level  with  Dr.  Fredrickson  and  at  the  NCI  level  with 
the  NCI  Interim  Project  Team  on  the  Biologic  Effects  of  Low  Level  Ionizing 
Radiation.  He  also  contributed  substantially  to  Report  III  of  the  NAS's 
Committee  on  the  Biological  Effects  of  Ionizing  Radiation.  He  was  honored 
in  December,  1979,  by  the  Harvard  School  of  Public  Health,  when  he  gave  the 
annual  Cutter  Lecture  there. 

Dr.  Beebe  has  also  been  extremely  helpful  both  within  the  Institute  and 
beyond  in  matters  of  national  importance  with  regard  to  epidemiologic 
research,  such  as  advising  on  new  privacy  laws  which  otherwise  could 
be  extremely  limiting  to  such  research. 

Chemicals 

A  substantial  amount  of  time  during  the  past  year  has  been  claimed 
by  activities  concerning  chemical  contaminations,  food  additives  (the 
Food  Safety  Committee  of  the  NAS-IOM),  multi -chemical  exposures  at  the  Love 
Canal  in  Niagara  Falls  (New  York  State  Health  Department)  and  dioxin  in 
Seveso  (NAS-Italian  Institute  of  Public  Health).  A  means  for  dealing  with 
these  and  future  chemical  contaminations  requires  integration  of  knowledge 
concerning  epidemiological,  clinical  and  laboratory  studies.  A  strategy 
for  responding  to  such  situations  is  being  developed  by  the  NAS-Italian 
group  on  the  basis  of  a  3-day  symposium  held  at  the  National  Academy  of 
Sciences,  March  17-19,  1980.  Dr.  Miller  was  co-chairman  of  the  meeting  and 
will  edit  the  proceedings. 
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Three-dimensional  Maps 

Through  the  use  of  programs  developed  for  the  computer  by  Mr.  F.  W. 
McKay  and  Ms.  M.  Hanson  of  our  Branch,  a  series  of  three  dimensional  graphs 
have  been  produced  which  help  to  visualize  the  changes  over  time  from  1950 
until  1977  in  type-specific  cancers  by  age,  and  sex  for  whites  and  for  non- 
whites.  In  the  aggregate,  the  graphs  provide  a  panoramic  view  of  trends  in 
cancer  mortality  which  sometimes  reflect  cause  (cigarette-smoking),  the 
effects  of  therapy  (childhood  leukemia),  or  a  steady  marked  decline  for 
unknown  reasons  (stomach  cancer).  A  volume  will  soon  be  submitted  for 
publication  of  the  graphs  and  the  accompanying  tables. 

Foreign  Affairs 

In  January, 1980,  after  a  year  as  Director  of  the  Office  of  International 
Affairs  for  NCI,  Dr.  Miller  elected  to  give  up  that  responsibility  to 
devote  full  time  to  cancer  etiology.  International  activities  with  Japan 
and  China  in  particular  continue  to  be  a  strong  interest  of  the  Branch. 
Drs.  Miller  and  Beebe  of  CEB  and  Drs.  Blot  and  Land  of  the  Environmental 
Epidemiology  Branch  are  working  to  enlarge  the  U.S.  presence  at  the  Radiation 
Effects  Research  Foundation  (RERF)  in  Hiroshima  and  Nagasaki  with  respect  to 
epidemiology  and  statistics.  The  contribution  by  the  few  Americans  present 
at  RERF  has  been  enriched  by  the  2-year  appointment  there  of  Dr.  William  J. 
Schull,  who  has  had  long  experience  in  Japan  and  in  the  United  States  in  the 
scientific  design  of  population  studies.  The  change  in  the  status  of 
the  organization  in  1975,  when  the  Atomic  Bomb  Casualty  Commission  became 
the  RERF  under  Japanese  management,  was  accompanied  by  a  diminished  influence 
of  the  Americans  there.  To  improve  prospects  for  the  future,  re-enforcements 
were  needed.  Several  top-notch  scientists  agreed  to  join  Dr.  Schull 
in  Hiroshima  during  the  remainder  of  his  assignment  there,  in  an  effort  to 
preserve  and  increase  the  scientific  value  of  this  most  important  resource 
for  information  on  the  human  effects  of  radiation  exposure. 

In  September,  1977,  Dr.  Miller  visited  the  People's  Republic  of  China, 
when  he  was  a  member  of  a  U.S.  Cancer  Delegation  under  the  auspices  of 
the  Committee  for  Scholarly  Communications  (CSCPRC)  with  the  People's 
Republic  of  China  (NAS-NRC).  To  extend  important  observations  concerning 
peculiarities  in  the  occurrence  of  cancer  in  China  as  reported  by  the 
Delegation,  Dr.  F.  P.  Li  and  his  wife  Dr.  E.  L.  Shiang,  were  awarded  Senior 
Scholarships  by  the  CSCPRC  to  study  there  for  three  months  beginning  in 
mid-August,  1979.  Most  of  their  time  was  spent  in  Beijing,  but  they  visited 
Shanghai,  Canton,  Nanking  and  Tianjin.  The  interval  of  study  proved  to  be 
extremely  well  timed,  for  it  came  just  after  Secretary  Califano  signed  the 
U.S. -China  Health  Agreement,  and  Drs.  Li  and  Shiang  were  able  to  prepare 
NCI  and  the  Chinese  for  the  NCI  Delegation's  visit,  November  16-22,  1979. 
In  consequence,  NCI  got  an  early  start  in  its  binational  activities  with 
the  Chinese,  which  feature  epidemiology  because  the  Chinese  have  a  natural 
talent  for  observational  research.  Drs.  Li  and  Shiang  were  able  to  help 
in  the  preparation  of  the  English  text  for  the  atlas  soon  to  be  issued 
concerning  cancer  mortality  by  county  for  the  entire  PRC. 
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Dr.  Li  Ping,  Vice  Director  of  the  Cancer  Institute  (Beijing)  of 
the  Chinese  Academy  of  Medical  Sciences  was  awarded  a  Lectureship  for  six 
weeks  in  the  United  States  beginning  on  March  23,  1980.  The  Clinical 
Epidemiology  Branch  served  as  her  primary  host  in  this  country.  She  was 
accompanied  by  Dr.  Zhang  Yu-hui,  Deputy  Chief  of  the  Department  of  Immunology 
at  her  Institute,  who  served  in  part  as  an  interpreter  as  well  as  an 
independent  scientist.  The  visitors  spent  three  days  in  Boston  with 
Drs.  F.  P.  Li  and  E.  L.  Shiang,  two  days  in  Hershey,  Pennsylvania,  with 
Dr.  Miller  at  the  annual  meeting  of  the  American  Epidemiological  Society, 
where  Dr.  Li  Ping  spoke  about  cancer  epidemiology  in  China,  and  three  weeks 
at  NCI  where  Drs.  Li  and  Zhang  had  a  series  of  small  group  discussions  with 
members  of  the  three  Branches  in  Field  Studies  and  Statistics.  Dr.  Li's 
primary  interest  is  in  maps  of  cancer  mortality  in  China  for  which  she 
provided  the  leadership  over  the  past  five  years.  In  consequence,  she  and 
her  600,000  collaborators  have  produced  a  remarkable  volume  which  shows 
marked  clustering  of  an  epidemic  nature  for  half  a  dozen  cancers  in  China. 
Dr.  Li  sought  advice  on  comparing  the  study  done  in  China  with  that  done 
by  NCI  of  cancer  mortality  by  county,  each  of  the  studies  having  been  made 
independent  of  the  other.  Now  she  would  like  to  have  the  data  from  both 
standardized  in  the  same  way,  and  to  learn  more  about  the  uses  of  computers 
in  preparing  maps. 

Veterinary  Studies 

In  1964  the  Branch  established  the  Veterinary  Medical  Data  Program 
(VMDP)  for  systematically  collecting,  storing  and  retrieving  data  on  domestic 
animals  seen  at  14  veterinary  medical  colleges  in  the  United  States  and 
Canada.  More  than  1.7  million  discharge  diagnoses  have  been  collected, 
among  other  information.  Included  are  40,000  tumors.  When  a  plateau  in  the 
use  of  the  information  seemed  to  have  been  reached  in  1977,  the  collection 
of  data  was  transferred  under  contract  to  Cornell  University  in  Ithaca, 
which  is  now  overseen  for  NCI  by  the  Environmental  Epidemiology  Branch. 
A  report  and  a  variety  of  tabulations  concerning  the  tumors  in  the  series 
has  gone  to  press  for  publication  by  the  Branch  as  an  NCI  Monograph. 
Unfortunately  the  publisher  under  contract  has  been  extremely  slow  and  the 
volume  has  been  long  delayed  in  its  appearance. 

With  the  retirement  from  the  USPHS  of  our  veterinary  scientist. 
Dr.  William  J.  Priester,  our  further  use  of  the  series  will  be  ad  hoc,  to 
evaluate  questions  about  specific  diseases  in  domestic  animals  as  those 
questions  arise. 

Other  Activities 

The  Childhood  Cancer  Etiology  Newsletter  issued  monthly  by  the  Branch 

is  now  in  its  sixth  year.  The  Newsletter  goes  to  almost  800  persons 

interested  in  childhood  cancer  throughout  the  world,  and  has  been  a  source 

of  new  ideas  and  fresh  interest  in  pediatric  cancer  etiology  both  for 
us  and  for  the  recipients. 

A  great  deal  of  time  has  been  given  during  the  year  to  synthesizing 
information,  for  review  and  new  insights.  The  need  in  the  coming  year  is  to 
devote  more  time  to  reporting  original  research. 
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Project  Description 
Objectives: 

1.  To  originate  new  epidemiologic  approaches  to  the  study  of  cancer 
causation  in  man. 

2.  To  develop  sources  of  data  related  to  specific  epidemiologic  problems. 

3.  To  stimulate  epidemiologic  research  in  other  health  agencies. 
Methods  Employed: 

The  Program  is  based  on: 

1.  Leads  from  animal  experimentation,  laboratory  research  and  clinical 
observations. 

2.  Prospective  studies  (in  retrospect)  which  relate  cancer  occurrence 
to  events  recorded  prior  to  the  onset  of  cancer  in  medical  exami- 
nations obtained  in  a  standard  fashion  from  large  numbers  of  persons 
(examples  --  clinical  health-surveys,  and  military  medical 
examinations) . 

3.  Retrospective  studies  based  on  questionnaires  obtained  by  personal 
Interview  or  by  mail,  for  a  comparison  of  persons  (examples  -- 
clinical  health-surveys,  and  military  medical  examinations). 

4.  "Laterospective"  studies  which  concern  the  detection  from  clinic 
records  of  the  excessive  concurrence  of  cancer  with  pre-existent 
disease,  such  as  congenital  defects  or  autoimmune  disorders. 

As  specific  epidemiologic  questions  arise  from  laboratory  or  clinical 
observations,  sources  of  field  data  are  developed  to  answer  these. 
Conversely,  the  Branch  seeks  by  its  surveys  to  raise  questions  which  can  be 
answered  by  laboratory  or  clinical  studies. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

If  the  example  set  by  the  Branch  is  a  good  one.  Interest  will  be  stimulated 
among  medical  scientists  in  the  use  of  epidemiologic  methods  for  their 
research.  In  consequence,  there  may  develop  a  further  recognition  of  the 
usefulness  of  office  and  hospital  records  for  survey  studies.  With  this 
would  go  an  appreciation  for  the  need  to  adapt  the  standard  medical  records 
for  epidemiologic  research.  These  developments,  in  turn,  could  promote  an 
Interest  in  looking  beyond  the  walls  of  hospitals  and  medical  centers  for 
opportunities  in  medical  research. 
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Proposed  Course  of  Project: 

We  plan  to  continue  and  extend  etiological  studies  of  patients  with  cancer 
and  of  cancer  families  at  NIH  or  elsewhere  in  the  city  or  nation,  and  to 
encourage  similar  approaches  internationally.  Specimens  from  cases  of 
interest  will  be  obtained  for  laboratory  studies  using  new  procedures  in  an 
attempt  to  develop  further  understanding  of  factors  that  increase  host- 
susceptibility  to  environmental  carcinogens.  New  ways  of  portraying  cancer 
mortality  data  will  be  undertaken  to  seek  peculiarities  in  distribution  which 
have  etiological  implications.  Tests  of  hypotheses  will  be  made  as  they 
arise  from  experimental  or  clinical  observations. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Study  of  genetic  diseases  with  neoplastic  manifestations  and  detailed  investi- 
gation of  families  with  high  risk  of  cancer  may  help  detect  environmental  and 
genetic  influences  in  carcinogenesis,  especially  when  appropriate  laboratory 

assays  are  used.  ru.  j-   n  -4.  ^ 

Besides  results  from  our  Clinical  Studies  Section  and  the  Family  Studies  Unit  ot 
the  Environmental  Epidemiology  Branch,  laboratory  reports  were  made  on  abnormal 
lymphocyte  responses  in  four  families  with  malignant  melanoma  complicating  BK 
mole  syndrome,  an  excess  frequency  of  HLABw35  in  13  Hodgkin  disease  families, 
and~in  vitro  radiosensitivities  in  a  family  with  acute  myelogenous  leukemia  and 
a  radiogenic  rectal  carcinoma.  A  monograph  on  neurofibromatosis  was  edited  and 
a  collaborative  NIH  clinical-laboratory  investigation  of  neurofibromatosis 
begun.  Various  groups  of  patients  who  survived  cancer  were  studied  for 
reproductive  performance.  Syndromes  that  do  or  may  predispose  tocancer  were 
discovered  or  further  delineated.  Various  methods  to  stimulate  similar 
research  were  used  including  guest  lectures,  literature  reviews,  and 
participation  in  committee  activities. 
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Project  Description 


Objectives: 


To  identify  genetic  factors  and  disorders  associated  with  cancer,  and 
promote  similar  studies  worldwide.  To  document  the  occurrence  of  patterns  of 
familial  aggregation  of  neoplasms;  to  study  selected  families  by  genetic  and 
laboratory  investigations,  in  an  effort  to  elucidate  the  degree  to  which 
heredity  and  the  common  familial  environment  contribute  to  the  etiology  of 
neoplasms.  To  distribute  biologic  specimens  from  family  members  to  interested 
laboratory  investigators  for  etiologic  studies  by  biochemical,  cytogenetic, 
immunologic,  viral,  and  tissue  culture  methods.  To  conduct  similar  studies  on 
patients  with  birth  defects  and  other  hereditable  disorders  that  may 
predispose  to  malignancy.  To  study  reproductive  performance  of  cancer 
patients. 

Methods  Employed: 

Interview  of  patients  with  cancer  or  other  diseases  with  respect  to  familial 
occurrences  especially  of  cancer  and  birth  defects,  as  well  as  prior  medical 
and  environmental  history;  documentation  of  history  by  obtaining  appropriate 
vital  records  and  hospital  charts;  collection  and  distribution  of  biological 
specimens  from  such  families;  review  of  hospital  records  of  series  of 
patients  with  selected  congenital  and  genetic  diseases  or  neoplasms.  A 
large  retrospective  cohort  study  with  a  sib  comparison  group  is  under 
design  to  document  reproduction  in  long-term  survivors  of  childhood  cancer. 
Computer  technology  is  being  developed  to  facilitate  management  of  family 
data.  Invited  lectures,  reviews,  and  committee  memberships  provide  fora 
for  stimulating-research  in  cancer  genetics. 

Major  Findings: 

Reports  published  or  in  press  in  the  last  12  months  by  the  four  nearly 
full-time  participants  of  this  project  (3  physicians,  1  Master's  epidemiolo- 
gist) comprise  four  reports  of  original  research,  two  case  reports,  eight 
reviews,  as  well  as  eight  abstracts  for  national  meetings.  Formal  reports 
involved  15  co-authors  from  the  Environmental  Epidemiology  and  Immuno- 
diagnsois  Branches  of  NCI,  Bionetics  Laboratory,  and  the  Universities  of 
California  (Davis),  Minnesota,  New  York  State  (Stony  Brook),  and  Washington 
(Seattle),  as  well  as  Montgomery  and  Mt.  Holyoke  Colleges,  Georgetown 
University,  Baylor  College  of  Medicine,  and  Veterans  Administration  Medical 
Center  at  North  Shore,  New  York. 

Collaborative  laboratory  investigations  on  18  cancer  families  revealed 
clinically  unsuspected  abnormalities  that  gave  insight  into  the  origins  of 
cancer  and  provided  new  hypotheses  to  pursue.  In  four  families  with 
cutaneous  malignant  melanoma  complicating  the  newly  delineated  autosomal 
dominant  BK  mole  syndrome,  abnormalities  of  in  vitro  lymphocyte  response 
were  seen  in  presumptive  gene  carriers  and,  to  our  surprise,  in  some  spouses. 
Abnormal  fibroblast  sensitivity  to  gamma  radiation  was  present  in  both 
sibs  that  were  available  from  a  sibship  in  which  4  of  6  developed  acute 
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myelogenous  leukemia  and  whose  mother  had  a  probably  radiogenic  rectal 
carcinoma  diagnosed  15  years  after  radium  therapy  for  cervical  cancer. 
The  finding  of  an  excess  frequency  of  HLABw35  in  13  families  with  two  or 
more  cases  of  Hodgkin  disease  suggested  a  susceptibility  factor  related  to 
the  histocompatibility  locus.  Under  a  support  services  contract  for  [this] 
project,  Dr.  S.  Tsai,  Biotech  Laboratories,  Inc.,  discovered  a  translocation 
between  chromosome  3  and  8  in  members  of  a  family  under  study  by  the  Clinical 
Studies  Section,  in  which  ten  members  of  three  generations  in  a  family 
developed  renal  cell  carcinoma.  For  the  first  time,  an  adult  tumor  was 
associated  with  a  constitutional  chromosomal  abnormality;  in  theory,  this 
finding  allows  for  antenatal  diagnosis  of  this  cancer  in  this  family. 

Despite  its  frequency  and  potential  for  shedding  light  on  various  aspects 
of  neoplasia  and  dysmorphogenesis,  multiple  neurofibromatosis  (von 
Recklinghausen's  disease)  seems  understudied.  Previously,  etiologic 
consultation  of  two  patients  on  the  Pediatric  Oncology  Branch,  NCI,  a 
frequent  source  of  cases,  had  led  to  formal  study  linking  neurofibromatosis 
with  two  childhood  malignancies,  acute  non-lymphocytic  leukemia  and  rhabdo- 
myosarcoma. This  year,  two  large  efforts  were  launched:  an  international 
workshop.  Biologic  Approaches  to  Neurofibromatosis,  was  sponsored  and  its 
Proceedings  co-edited  by  a  Branch  member,  included  chapters  by  three  Branch 
members.  The  second  was  development  of  a  comprehensive  investigation  of 
neurofibromatosis  using  facilities  of  our  newly  established  Genetics  Clinic 
and  collaboration  of  numerous  clinicians  and  laboratory  scientists  at  NIH 
and  elsewhere. 

The  overlap  between  mutagenesis,  carcinogenesis,  and  teratogenesis  continued 
to  be  explored  in  two  ways:  first,  study  of  reproduction  in  cancer  patients 
can  provide  much  needed  empiric  advice  for  clinicians  and  extend  understanding 
of  the  hereditary  nature  of  cancer  and  the  potential  mutagenicity  of  cancer 
therapy.  Reported  this  year  were  documentation  of  normal  pregnancies  in 
patients  of  the  Pediatric  Oncology  Branch  and  of  some  untoward  outcomes, 
according  to  a  postal  survey  of  physicians  in  Cancer  and  Acute  Leukemia 
Group  B,  in  women  with  Hodgkin  disease  who  became  pregnant  on  therapy  or 
within  a  year  of  stopping  therapy.  A  large  retrospective  cohort  study 
including  a  comparison  group  of  sibs  is  being  launched.  Secondly,  syndromes 
that  do  or  may  predispose  to  cancer  were  updated  [the  Wiskott-Aldrich 
syndrome,  fetal  alcohol  syndrome,  Aarksog  syndrome]  or  newly  described 
[melanoma  in  one  of  two  sibs  with  a  syndrome  of  congenital  cranial  nerve 
palsies,  facial  dysmorphism,  and  intercalary  skeletal  defects,  a  new  syndrome 
of  progeria  with  multiple  cutaneous  nevi]. 

Informed  review  of  clinic  charts  has  led  to  preliminary  reports  of  genetic 
factors  in  stomach  cancer,  childhood  cancer  in  Pakistan,  and  combined 
chemotherapy  for  adenocarcinoma  of  unknown  origin. 

Besides  these  research  findings,  stimulation  of  research  on  the  interacting 
host  and  environmental  determinants  of  human  cancer  was  attempted  through 
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12  guest  lectures,  including  the  David  B.  Kaner  Memorial  Lectureship, 
Dartmouth  Medical  School,  and  review  articles  on  the  epidemiology  and 
origins  of  childhood  cancer  and  lung  cancer,  laboratory  approach  to  cancer 
families,  the  cytogenetic  map  of  the  human  neoplasia,  fetal  alcohol  syndrome, 
the  potential  for  cancer  control  through  genetics,  and  neoplasia  in  neuro- 
fibromatosis (in  70).  Additional  opportunities  for  leadership  included 
committee  membership  in  various  local,  national  and  international  collabora- 
tive research  committees  and  research  working  groups  such  as  NIH  Working 
Groups  on  Reproductive  Endocrinology  and  Neurofibromatosis,  Editorial 
Boards  of  the  Journal  of  the  National  Cancer  Institute  and  Yearbook  of 
Cancer,  U.S. -Japan  Medical  Science  Program,  and  the  International  Commission 
for  Protection  Against  Environmental  Mutagens  and  Carcinogens. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute 

Epidemiologic  surveys  and  detailed  studies  of  families  at  high  risk  of 
cancer  may  help  to  detect  environmental  and  genetic  influences  in  carcino- 
genesis. In  addition,  identification  of  these  families  has  therapeutic 
implications,  enabling  surveillance  and  early  diagnosis  of  neoplasms  and 
genetic  counseling  for  offspring. 

Proposed  Course  of  Project 

The  same  approach  will  be  continued.  New  laboratory  methods  and  epidemiologic 
clues  from  other  sources  will  be  incorporated  into  the  project  protocol 
as  available. 
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and  laboratory  studies  are  performed  to  clarify  biologic  mechanisms  of 
carcinogenesis.  At  present,  several  family  aggregates  of  cancer  are 
under  study,  e.g.,  Turcot's  syndrome  in  two  families;  familial  ureteral  cancer, 
ataxia-pancytopenia  syndrome,  breast  cancer-sarcoma  syndrome.  Also,  a 
computerized  Registry  of  Survivors  of  Childhood  Cancer  has  been  established 
through  collaboration  of  the  Clinical  Studies  Section  with  the  Sidney 
Farber  Cancer  Institute.  The  700  registrants  represent  approximately  2% 
of  all  survivors  of  U.S.  childhood  cancer  in  the  last  two  decades.  Patients 
in  the  series  are  being  studied  for  second  malignancies,  cancer  in  close 
relatives,  and  genetic  effects  in  progeny. 
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Project  Description 
Objectives: 

1)  To  study  through  clinical  observation  at  the  bedside  causes  of  human 
cancers. 

2)  To  identify  genetic  factors  in  the  development  of  human  cancers. 

3)  To  study  the  sequelae  of  childhood  cancers  in  successfully  treated 
patients,  and  in  their  progeny. 

4)  To  conduct  collaborative  epidemiologic  studies  of  human  cancers 
utilizing  the  clinical  resources  available  in  Boston  and  New  England 
regions. 

Methods  Employed: 

Available  patients  admitted  for  cancer  therapy  at  the  Sidney  Farber  Cancer 
Institute  are  examined  for  clues  to  etiology  of  the  neoplasm.  When  exceptional 
clinical  observations  are  made,  appropriate  follow-up  epidemiologic  and 
laboratory  investigations  are  conducted.  To  date,  1,200  interviews  have 
been  completed. 

A  registry  has  been  established  of  700  patients  who  have  survived  childhood 
cancer  for  at  least  5  years.  These  patients  are  being  studied  to  determine 
the  probability  of  cure  of  childhood  cancer,  and  the  somatic  and  genetic 
effects  of  the  disease. 

Several  striking  family  aggregates  of  specific  cancers  have  been  identified. 
Family  members  are  under  study  to  identify  reasons  for  the  susceptibility, 
and  to  detect  early  cancers. 

Major  Findings: 

1)  In  a  family  with  a  seemingly  new  genetic  syndrome  of  leukemia, 
ataxia  and  other  defects,  aneuploidy  was  present  for  two  years 
preceding  development  of  leukemia  in  the  patient. 

2)  Two  families  with  an  autosomal  dominant  pattern  of  dyskeratosis 
congenita  are  under  study  for  DNA  repair  defects. 

3)  DNA  repair  abnormalities  have  been  tentatively  identified  in  one 
family  with  Turcot's  syndrome,  and  another  with  Gardner's  syndrome. 

4)  lip-  chromosome  deletion  syndrome  has  been  identified  in  seven 
consecutive  patients  with  Wilms'  tumor  and  aniridia. 

5)  Study  of  50  offspring  of  Wilms'  tumor  patients  show  no  transmission 
of  the  tumor,  but  two  developed  other  forms  of  cancer. 
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5)   Hypertension  was  unexpectedly  found  in  about  25%  of  patients  at  2-3 
decades  after  cure  of  Wilms'  tumor. 

7)  Approximately  10%  of  women  who  survived  childhood  cancer  have  ovarian 
failure,  and  one  young  patient  developed  endometrial  carcinoma  after 
replacement  estrogen  therapy. 

8)  A  third  neoplasm  developed  in  nearly  1  in  3  patients  with  double 
primary  childhood  cancers. 

9)  Thyroid  cancer  and  hypothyroidism  develop  excessively  in  survivors 
of  cancer.  A  few  patients  with  hypercalcemia  are  under  study  for 
hyperparathyroidism  and  parathyroid  edenomas. 

10)  Carotid  body  tumors  display  a  strong  tendency  to  develop  within 
families. 

11)  Ewing's  sarcoma  is  rare  in  China,  whereas  childhood  leukemia  rates 
are  comparable  to  those  in  the  United  States. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

The  studies  of  the  Clinical  Studies  Section  identify  unusual  childhood 
observations  for  more  detailed  investigations  by  epidemiologists  and 
laboratory  investigators.  Also,  the  relevance  to  humans  of  studies  of 
laboratory  animals  is  examined  through  clinical  observations  of  patients 
at  the  bedside. 

Proposed  Course  of  Project: 

The  Clinical  Studies  Section  will  continue  with  established  studies  of 
childhood  cancers.  These  projects  will  examine  the  etiologic  role  of 
genetic  factors  and  pre-natal  exposures,  and  the  late  effects  of  these 
diseases.  In  addition,  the  methods  that  have  proved  useful  in  childhood 
cancer  studies  will  be  applied  to  study  appropriate  cancers  in  adults. 
These  studies  will  examine  family  aggregates  of  cancer,  and  epidemiologic 
features  of  rare  and  seldom  studied  forms  of  adult  malignancies. 

In  the  past  year.  Dr.  Li  visited  the  People's  Republic  of  China  for  three 
months  through  auspices  of  the  Senior  Scholar  Program  of  the  Committee  on 
Scholarly  Communications  with  the  PRO.  The  visit  has  identified  areas 
for  collaborative  research  and  provided  opportunities  for  further  applications 
of  research  methods  developed  at  the  Clinical  Epidemiology  Branch,  NCI. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

By  participation  of  the  staff  at  area  institutions,  at  the  bedside  and  in 
clinical  conferences,  rounds  and  oncology  clinics,  patients  or  families  vyith 
unusual  features  are  ascertained  and  etiologic  consultations  given. 
Comprehensive  family  interviews  and  appropriate  laboratory  and  epidemiologic 
investigations  are  suggested  or  performed  yielding  environmental  and  genetic 
information  as  a  means  of  elucidating  biologic  mechanisms  of  carcinogenesis. 
Collaboration  with  the  area  institutions  for  systematizing  acquisition  and 
storage  of  data  pertaining  to  etiologic  aspects  and  long-term  complications 
into  the  pediatric  oncology  registries  will  facilitate  ongoing  and  future 
evaluation  of  significant  pathogenetic  mechanisms  of  carcinogenesis. 
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Project  Description 


Objectives: 


1.  To  generate  hypotheses  as  to  etiology  of  human  cancer  from  clinical 
observations  made  at  the  bedside. 

2.  To  study  these  hypotheses  through  epidemiologic  and  laboratory  investi- 
gations. 

3.  To  identify  pregestational  and  prenatal  factors  predisposing  to 
malignancy  including  genetic  and  environmental  interactions. 

4.  To  increase  the  sensitivity  of  primary  and  specialty  care  clinicians  to 
clues  of  etiologic  significance  in  their  patients  and  instruct  in  appro- 
riate  evaluation. 

Methods  Employed: 

At  each  of  the  4  area  institutions,  attendance  at  case-review  conferences, 
rounds  and  clinics  leads  to  identification  of  patients  with  unusual  features 
and  etiologic  consultations  are  performed.  Follow  up  epidemiologic  and 
laboratory  studies  are  conducted  at  the  parent  institution  or  through  the 
contract  laboratories  of  CEB.  At  Georgetown,  questionnaires  for  family 
histories  and  environmental  exposures  are  given  to  all  pediatric  and  medical 
oncology  patients  as  an  initial  screening  device.  More  complete  family 
interviews  are  included  in  the  consultation.  Two  staff  persons  have 
academic  appointments  (Dr.  Gilman,  Lecturer  in  Pediatrics  and  Pediatric 
Oncology  at  Johns  Hopkins,  Dr.  McKeen  as  Clinical  Instructor  in  Medicine  at 
Georgetown)  which  allows  access  to  tumor  registries  and  record  room  research 
material  for  more  complete  epidemiologic  data  gathering. 

Dr.  Gilman  is  assisting  in  selection  of  etiologic  data  for  the  newly  formed 
pediatric  oncology  registry  for  computer  storage  at  Johns  Hopkins  Hospital 
to  facilitate  future  studies.  Consultations  on  other  cases  of  etiologic 
interest  are  also  received  by  telephone  or  mail  from  other  institutions. 
Collaboration  with  Louis  K.  Diamond,  M.D.  (UCSF)  will  allow  a  more  complete 
identification  of  epidemiologic  and  genetic  features  on  the  majority  of 
patients  with  congenital  hypoplastic  anemia,  6  of  whom  have  developed 
malignancy. 

Major  Findings: 

1.  A  sarcoma  family  with  10  involved  members  spanning  5  generations  is  under 
study  for  genetic  linkage,  cell  markers  and  cell  line  sensitivity  and 
repair  defects. 
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2.  Predisposition  to  malignancy  in  congenital  bone  marrow  dysfunction 
disorders  has  been  confirmed  (3  acute  leukemia  and  1  histiocytic  lymphoma 
in  less  than  75  cases  of  infantile  genetic  agranulocytosis  and  4  acute 
leukemia  and  2  liver  cell  carcinomas  in  less  than  200  cases  of  congenital 
hypoplastic  anemia).  Epidemiologic  and  laboratory  studies  are  underway 
to  elicit  the  mechanism(s) . 

3.  Studies  are  underway  to  expand  preliminary  data  suggesting  maternal 
prenatal  and  pregestational  etiology  for  sacrococcygeal  teratoma. 

4.  A  comparison  between  frequencies  of  pediatric  malignancies  diagnosed  at 
the  Jinnah  Postgraduate  Medical  Center,  Karachi,  Pakistan  and  the  U.S. 
Third  National  Cancer  Survey  suggests  an  excess  of  sporadic  retino- 
blastoma and  therapy  resistant  non-Hodgkins  lymphoma  in  Pakistan. 

5.  A  previously  undescribed  association  between  bilateral,  early  age  of 
onset  retinoblastoma  and  pinealoblastoma  in  5  cases  is  noted  suggesting 
as  etiology  a  single  gene  defect  causing  rilateral  retinoblastoma. 

6.  An  infant  with  fetal  alcohol  syndrome  and  dysplastic  kidneys  developed  a 
hepatoblastoma  20  months  after  renal  transplantation,  suggesting  the 
possibility  of  transplacental  carcinogenicity  of  alcohol. 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

The  regular  participation  of  CEB  staff  in  oncology  activities  at  the  area 
institutions  is  increasing  the  oncologists'  awareness  of  and  ability  to 
identify  unusual  associations  of  etiologic  significance.  Referral  to  or 
more  detailed  investigations  in  these  patients  by  epidemiologists  and  other 
laboratory  investigators  will  allow  identification  of  genetic,  familial 
and/or  environmental  factors  predisposing  to  malignancy.  By  subsequently 
identifying  high-risk  features  or  persons,  prevention  or  early  diagnosis  of 
malignancy  can  be  facilitated. 

Proposed  Course  of  Project: 

It  would  seem  valuable  to  explore  possibilities  of  a  more  formal  collab- 
oration between  pediatric  oncology  divisions  at  the  area  institutions  and 
the  CEB  to  allow  improved  pediatric  oncology  registry  data,  continuity  of 
studies,  case  ascertainment  for  further  investigation,  and  teaching. 
Combination  of  material  from  the  different  locations  by  an  epidemiologist 
could  yield  etiologic  relationships  more  rapidly.  Dissemination  of  infor- 
mation on  genetic  and  prenatal  factors  would  be  easier,  leading  to  earlier 
diagnosis  or  prevention. 

Date  Initiated:  July,  1979. 

Current  annual  level:  0 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  Genetics  Clinic  is  a  collaborative  undertaking  by  researchers  from  5  dif- 
ferent institutes  and  the  Clinical  Center.  Consequently,  Clinic  patients 
constitute  a  broad  spectrum  of  genetic  disease.  The  patient  load  during  the 
Clinic's  first  year  comprised  250  individuals  representing  50  different  diag- 
nostic categories.  Of  these,  84  patients  (33%)  were  seen  by  members  of  CEB. 
The  Clinic  provides  a  multidisciplinary  setting  in  which  to  study  unusual 
patients  who  either  have  cancer  or  an  increased  risk  of  developing  malignancy. 
Patients  are  ascertained  through  special  referrals  from  outside  physicans  and 
inhouse  requests  for  etiologic  consultations.  With  informed  consent,  the 
approach  to  the  patient  includes  detailed  physical  examination,  and,  where 
applicable,  epidemiologic  studies  of  the  environmental  and  genetic  background 
and  laboratory  studies  to  clarify  biologic  mechanisms  of  carcinogenesis! 
Categories  include  patients  with  neurofibromatosis,  a  common  autosomal  dominant 
disorder  that  has  an  increased  predisposition  to  cancer,  patients  with  birth 
defects  and  cancer,  families  with  childhood  sarcomas  and  breast  cancer  in 
blood  relatives,  and  any  other  families  with  an  excessive  occurrence  of  cancer 
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Project  Description 
Objectives: 

1.  To  identify  genetic  and  environmental  factors  in  the  development  of  human 
cancer. 

2.  To  utilize  the  insights  provided  by  the  multidisciplinary  approach  of  the 
Clinic  to  pursue  new  avenues  of  clinical  and  laboratory  investigation  into 
cancer  risk. 

3.  To  provide  counseling  for  persons  at  high  risk  of  malignancy  and  recom- 
mend appropriate  medical  surveillance  for  the  early  detection  of  tumors. 

Methods  Employed: 

Referred  patients  are  examined  to  determine  the  extent  of  any  pre-existing 
condition  or  birth  defects  and  for  clues  to  the  etiology  of  cancer  in 
themselves  or  family  members.  When  exceptional  clinical  observations  are 
made,  appropriate  follow  up  epidemiologic  and  laboratory  investigations  are 
conducted.  Certain  categories  of  patients,  i.e.,  those  with  neurofi- 
bromatosis are  examined  and  tested  according  to  an  established  protocol  to 
ensure  uniform  data  collection. 

Major  Findings: 

1.  Sisters  with  a  newly  described  syndrome  of  congenital  cranial  nerve 
palsies,  radial  aplasia,  absent  thumbs  and  facial  dysmorphisms,  one  of  whom 
also  has  malignant  melanoma,  have  been  shown  to  have  premature  separation 
of  the  centromeres  of  somatic  chromosomes,  a  defect  that  may  be 
etiologically  related  to  both  the  birth  defects  and  cancer. 

2.  Monozygous  3-1/2 -year-old  twin  girls,  1  with  a  soft  tissue  sarcoma  of  an 
atypical  site  (the  forearm)  may  provide  insight  into  the  relevant  roles  of 
genetics  vs.  the  environment  in  the  etiology  of  this  type  of  childhood 
tumor. 

3.  Monozygous  43-year-old  twin  females,  apparently  discordant  for  neurofi- 
bromatosis (1  is  moderately  affected,  the  other  has  no  apparent  clinical 
manifestations)  may  provide  insight  into  the  origin  --  by  early  embryonic 
"somatic"  mutation  of  the  sporadic  form  of  this  disease.  Alternatively,  if 
both  can  be  shown  to  be  carrying  the  gene  for  neurofibromatosis,  then  we 
may  be  able  to  learn  about  factors  affecting  the  expression  of  this 
disorder. 

4.  We  have  ascertained  several  families  appropriate  to  do  gene  linkage 
studies  for  neurofibromatosis.  One  family  has  5  affected  individuals:  the 
father  and  all  5  of  his  children.  In  another  family  there  are  3 
generations  with  several  branches  each  containing  affected  individuals. 
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Project  No.    ZOl  CP  05139-01  CEB 

Significance  to  Bio-medical  Research  and  the  Program  of  the  Institute: 

The  Clinic  provides  a  unique  multidisciplinary  setting  in  which  unusual 
occurrences  of  cancer  can  be  identified  and  studied  by  geneticists,  epidemi- 
ologists and  laboratory  investigators.  The  regular  post  Clinic  conferences 
and  seminars  provide  major  vehicles  for  dissemination  of  new  findings  in 
cancer  etiology  to  scientists  representing  a  broad  array  of  clinical  and 
laboratory  expertise  and  offer  opportunities  to  establish  future  insightful 
collaborations. 

Proposed  Course  of  Project: 

The  Genetics  Clinic  will  continue  to  provide  a  unique  setting  for  the  study 
of  genetic  and  environmental  factors  predisposing  to  increased  cancer 
susceptibility.  In  our  effort  to  learn  about  the  biologic  causes  of  cancer 
we  will  continue  to  ascertain  and  study  patients  with  genetic  diseases 
predisposing  to  cancer,  familial  aggregates  of  cancer,  and  patients  with 
birth  defects  or  unusual  environmental  exposures  associated  with  tumor 
development. 

Date  Initiated:  January, 1979 

Current  Annual  Level :  0 


1095 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Oo  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PfiOJECT 


PROJECT   NUMBER 

ZOl  CP  05146-01  CEB 


PERIOD  COVERED 

October  1,  1979  to  September  30,  1980 


TITLE  OF  PROJECT  (80  characters  or  less) 

Morbidity  in  Childhood  Cancer  Survivors  and  Their  Offspring 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI   :  D.D.  Hassinger,  M.D. 
OTHER:  M.H,  Myers,  Ph.D. 


Clinical  Investigator 
Chief,  Biometric  Research  and 
Analytic  Studies  Section 


CEB   NCI 


NCI 


COOPERATING  UNITS  (if  any) 

Biometry  Branch,  Field  Studies  and  Statistics,  NCI 


lab/branch 
Clinical  Epidemiology  Branch 


SECTION 

Field  Studies  and  Statistics,  DCCP 


NSTITUTE  AND  LOCATION 

NCI,  Bethesda,  Maryland  20205 


TOTAL  MANYEARS: 


PROFESSIONAL: 


CHECK  APPROPRIATE  BOX(ES) 
D  (a)   HUMAN  SUBJECTS 

D  (al)  MINORS   □  (a2)  INTERVIEWS 


D  (b)  HUMAN  TISSUES 


D  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  Biometry  and  Clinical  Epidemiology  Branches  of  the  National  Cancer  Institute 
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PHS-6040 
(Rev.    10-76) 


Project  No.    ZOl  CP  05146-01  CEB 
Project  Description 
Objectives: 

1.  To  test  genetic  theories  of  tumor  etiology. 

2.  To  better  define  adverse  effects  of  treatment  on  childhood  cancer 
survivors. 

3.  To  provide  needed  information  for  genetic  counselling  of  childhood 
cancer  survivors. 

The  following  hypotheses  will  be  tested: 

1.  That  childhood  cancer  survivors  have  significant  psychosocial  and  physical 
morbidity; 

2.  That  cancer  treatment  causes  involuntary  infertility; 

3.  That  offspring  of  childhood  cancer  survivors  have  an  increased  frequency 
of  birth  defects  and  tumors  secondary  both  to  genetic  predisposition  to 
these  conditions,  and  to  cancer  therapy  given  their  parents. 

Methods: 

Within  each  of  the  states  named,  the  project  originators  intend  to  study  a 
cohort  of  cases  which  have  the  following  characteristics: 

1.  histologic  confirmation  of  malignant  disease; 

2.  diagnosis  prior  to  age  19; 

3.  survival  of  at  least  5  years  after  diagnosis;  and 

4.  attainment  of  age  18  by  time  of  death  or  last  follow-up. 

Case  cohorts  in  California,  Connecticut  and  Iowa  have  already  been 
specifically  identified  from  the  End  Results  Group  files. 

Controls  will  consist  of  up  to  two  siblings  per  case  who  are  of  the  same 
sex  (preferably)  and  closest  in  age  to  the  case,  and  who  have  attained  at 
least  age  18. 

Permission  to  contact  patients  will  be  sought  from  their  personal  or  hospital 
physicians  when  necessary;  permission  to  contact  siblings  will  be  obtained 
from  cases.  Patients  (cases)  or  proxies  and  controls  will  be  administered 
a  detailed  questionnaire  orally  in  their  homes  by  experienced  interviewers. 
Additional  medical  information  will  be  obtained  by  collection  and  review  of 
selected  medical  and  vital  records. 
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CONTRACT  NARRATIVES 
CLINICAL  EPIDEMIOLOGY  BRANCH,  DCCP 


Contract Title Page  No. 

Atomic  Energy  of  Canada,  Ltd.    In  Vitro  Radiosensitivity  and  DNA 
(N01-CP-8n02)  Repair  in  Genetic  Syndromes  and 

Families  at  High  Risk  of  Malignancy 

Biotech  Research  Laboratories,   Cytogenetic  Evaluation  of  High 
Inc.  (N01-CP-610n)  Risk  Cancer  Families 
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CONTRACT  NARRATIVES 

CLINICAL  EPIDEMIOLOGY  BRANCH,  DCCP 

Fiscal  Year  1980 

Clinical  Genetics  Section 

ATOMIC  ENERGY  OF  CANADA,  LTD.   (NOl-CP-81102) 

Title:  In  vitro  radiosensitivity  and  DNA  repair  in  genetic  syndromes 
and  families  at  high  risk  of  malignancy. 

Contractor's  Project  Officer:  Malcolm  C.  Paterson,  Ph.D. 

Project  Officer  (NCI):  Elisabeth  A.  McKeen,  M.D.,  Robert  W.  Miller,  M.D. 

Objective:  To  determine  in  vitro  radiosensitivity  and  radiation  induced 
DNA  repair  in  high  risk  persons,  e.g.,  members  of  cancer  families  and 
individuals  with  multiple  primary  tumors  or  genetic  disorders  predisposing 
to  cancer. 

Methods  Employed:  Using  standard  techniques,  fibroblast  cell  cultures 
from  high  risk  persons  are  established  and  assayed  for  mycoplasma  contami- 
nation. An  initial  assay  of  radiosensitivity  is  performed  measuring  colony 
formation  after  in  vitro  irradiation;  the  results  are  compared  with  colony 
formation  of  control  and  ataxia-telangiectasia  fibroblasts.  On  cell  lines 
with  abnormal  radiosensitivity,  further  assessment  of  DNA  repair  is  performed. 
Cells  are  also  tested  for  sensitivity  to  radiomimetic  compounds,  N-methyl- 
N-'-'nitro-N-nitrosoguanidine  (MNNG),  ethyl  nitrosourea  (END),  and 
4-nitroquinoline  1-oxide  (4NQ0). 

Major  Findings:  Studies  of  a  family  with  acute  leukemia  in  four  of  six 
siblings  demonstrated  abnormally  increased  in  vitro  radiosensitivity  in 
fibroblasts  from  the  available  affected  members  and  their  mother,  who  had 
two  primary  carcinomas,  cervix  and  rectum.  DNA  repair  was  normal.  Increased 
in  vitro  radiosensitivity  was  also  found  in  members  of  a  Hodgkin's  disease- 
breast  cancer  family  and  in  a  male  with  radiogenic  breast  cancer.  The 
following  genetic  disorders  predisposing  to  malignancy  have  been  studied: 
Gardner's  syndrome,  tuberous  sclerosis,  neurofibromatosis,  Fanconi's  anemia. 
Bloom's  syndrome,  and  Rothmund-Thompson  syndrome.  One  of  the  two  fibroblast 
lines  from  patients  with  tuberous  sclerosis  is  sensitive  to  -radiation. 
Cell  line  GM3314,  a  strain  from  a  Gardner's  syndrome  patient,  is  extremely 
sensitive  to  MNNG,  but  not  to  ionizing  radiation.  Approximately  fifty 
cell  lines  have  been  screened  for  radiosensitivity. 

Significance  to  NCI  Program  and  Biomedical  Research:  There  is  increasing 
evidence  of  the  role  of  defective  DNA  repair  in  individuals  with  increased 
radiosensitivity  and  a  predisposition  to  malignancy.  Increased  in  vitro 
radiosensitivity  and  defective  DNA  repair  has  been  demonstrated  in  fibroblasts 
of  patients  with  the  genetic  disorders  ataxia-telangiectasia,  xeroderma 
pigmentosum,  and  familial  retinoblastoma.  This  contract  extends  our  investi- 
gation seeking  new  insight  into  the  possible  interplay  between  environmental 
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and  host-susceptibility  factors  by  examining  the  mechanisms  of  DNA  repair. 

Proposed  Course  of  Project:  Approximately  30  additional  specimens  will  be 
screened  for  radiosensitivity  during  the  contract  year  with  further  studies 
of  DNA  repair  on  selected  abnormal  specimens.  Completion  of  the  studies 
on  other  members  of  the  acute  leukemia  family  is  a  high  priority.  Skin 
biopsies  from  family  members  of  GM3314  will  be  obtained  and  studied  for 
sensitivity  to  MNNG.  Other  tuberous  sclerosis  patients  will  be  ascertained 
and  fibroblasts  analyzed.  The  complementation  groups  in  ataxia-telangiec- 
tasia will  be  defined.  Fibroblasts  from  members  of  a  melanoma  family  with 
the  B-K  mole  syndrome  will  be  screened  as  will  those  from  patients  with 
bilateral  retinoblastoma  and  pinealoblastoma. 

Date  Current  Contract  Initiated:  May  1,  1979 

Current  Annual  Level:  $98,047 


BIOTECH  RESEARCH  LABORATORIES,  INC.  (NOl-CP-61011) 

Title:  Cytogenetic  evaluation  of  high  risk  cancer  families 

Contractor's  Project  Officer:  Shien  Tsai,  Ph.D. 

Project  Officer  (NCI):  John  J.  Mulvihill,  M.D. 

Objectives:  To  determine  if  persons  prone  to  cancer  because  of  their 
personal  or  family  history  have  cytogenetic  abnormalities. 

Methods  Employed:  Standard  karyotypic  techniques,  including  differential 
staining  for  banding,  are  applied  to  biologic  specimens  from  individuals 
at  high  risk  for  cancer  under  study  by  the  Clinical  and  Environmental 
Epidemiology  Branches.  Specimens  are  lymphocytes  from  peripheral  blood 
and  fibroblast  cultures.  Dr.  J.  Whang-Peng,  NCI,  serves  as  consultant. 

Major  Findings:  This  year,  112  blood  specimens  and  3  tumor  cell  cultures 
were  accessioned  from  members  of  20  families  with  genetic  or  congenital 
disorders  or  an  excess  of  cancer  under  study  by  the  Epidemiology  Branches. 
Major  findings  were: 

1.  For  the  first  time,  a  constitutional  chromosomal  aneuploidy  was 
associated  with  an  adult  tumor.  Translocation  between  chromosomes 
3  and  8  were  found  in  all  available  tumor  patients  in  a  family  in 
which  10  members  in  3  generations  had  renal  cell  carcinoma. 

2.  Diverse  manifestations  of  chromosomal  imbalance  were  seen  in  a  family 
with  translocation  between  chromosomes  13  and  18:  partial  trisomy  18 
syndrome,  acute  progranulocytic  leukemia,  gastric  carcinoma,  and,  in 
carriers  of  the  balanced  translocation,  azoospermia  in  males  and 
ovarian  cysts  in  females  with  relative  infertility. 
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3.  Confirmatory  studies  were  made  to  verify  the  frequent  finding  of 
lip-  in  children  with  Wilms'  tumor  and  aniridia. 

4.  Additional  preliminary  observations  concern:  1)  high  frequency 

of  abnormal  centromeres  in  2  sisters  with  a  new  dysmorphic  syndrome; 

2)  several  "cancer  families"  with  heterochromatic  variants;  and 

3)  several  members  of  a  family  with  normal  lymphocyte  karyotypes 
but  mosaicism  in  fibroblast  cultures. 

5.  Computer  programs  were  written  to  search  rapidly  for  statistically 
significant  abnormalities  in  all  results  from  this  project. 

Significance  to  NCI  Program  and  Biomedical  Research:  The  Epidemiology 
Branches  search  for  genetic  markers  of  human  cancer  by  combining  critical 
clinical  and  epidemiologic  evaluation  with  a  battery  of  modern  laboratory 
approaches,  one  of  which  is  provided  by  this  contract.  Several  human 
malignancies  are  well  known  to  be  associated  with  cytogenetic  abnormalities 
that  may  have  etiologic,  diagnostic,  therapeutic,  and  prognostic  impli- 
cations. The  contract  provides  a  means  for  systematic  cytogenetic 
investigations  of  persons  or  families  at  high  risk  of  cancer. 

Proposed  Course  of  Project:  Specimens  will  stop  being  accessioned,  except 
for  critically  or  clinically  important  ones.  Results  will  be  interpreted 
in  the  context  of  our  clinical-epidemiologic  evaluation  and  other 
laboratory  parameters  of  immunologic,  genetic,  and  virologic  nature. 
Contract  will  terminate  within  the  year,  which  will  be  devoted  to  analysis 
of  data  in  detail . 

Date  Current  Contract  Initiated:  September  23,  1975 

Current  Annual  Level:  $90,000 

PUBLICATIONS 

1.  Blattner,  W.A.,  Kistenmacher,  M.L.,  Tsai,  S.,  Punnett,  H.H.,  and 
Giblett,  E.R.:  Clinical  manifestations  of  familial  13:18  translocation. 
J.  Med.  Genet.  In  press. 

2.  Cohen,  A.J.,  Li,  P.P.,  Berg,  S.,  Marchetto,  D.J.,  Tsai,  S.,  Jacobs,  S.C, 
and  Brown,  R.S.:  Hereditary  renal-cell  carcinoma  associated  with 

a  chromosomal  translocation.  N.  Engl.  J.  Med.  301:  592-595,  1979. 

3.  Parry,  D.M.,  Mulvihill,  J.J.,  and  Shamberger,  R.C.:  A  Syndrome  of 
Congenital  Cranial  Nerve  Palsies,  Facial  Dysmorphism  and  Intercalary 
Skeletal  Defects  Associated  with  Malignant  Melanoma.  In  1979  Birth 
Defects  Conference.  Chicago,  Northwestern  Univ.  Med.  School-The 
National  Foundation/March  of  Dimes,  1979,  p.  191. 
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ANNUAL  REPORT  OF  THE  ENVIRONMENTAL  EPIDEMIOLOGY  BRANCH 
NATIONAL  CANCER  INSTITUTE 
October  1,  1979  through  September  30,  1980 

This  is  the  fifth  report  of  the  Environmental  Epidemiology  Branch 
which  was  created  in  December  1975.  The  objective  of  the  Branch  is  to 
generate  and  test  ideas  concerning  the  environmental  and  host  determinants 
of  cancer  by  a  broad  range  of  epidemiologic  studies  based  on  knowledge 
and  application  of  clinical  medicine  and  oncology,  statistical  methodology, 
new  developments  in  carcinogenesis,  and  resources  best  available  at  the 
national  level.  The  allocation  in  FY  1977  of  several  new  positions  has 
permitted  an  expansion  of  the  research  program,  enabling  the  Branch  to 
serve  more  effectively  as  a  focus  within  the  Institute  for  epidemiologic 
initiatives.  Joining  the  Branch  this  year  were  Dr.  Regina  G.  Ziegler, 
who  has  a  Ph.D.  in  biochemistry,  an  M.P.H.  degree,  and  experience  in 
nutritional  studies;  Dr.  Robert  J.  Biggar,  a  pediatrician  with  experience 
in  infectious  diseases,  who  transferred  from  the  Laboratory  of  Viral 
Carcinogenesis  and  the  Burkitt's  Tumor  Project  in  Ghana;  and  Dr.  Robert 
Spirtas,  who  has  a  Dr.  P.H.  in  biostatistics  and  background  in  occupational 
epidemiology  at  the  National  Institute  of  Occupational  Safety  and  Health. 
Dr.  Eva  Buiatti,  a  physician  specializing  in  occupational  epidemiology  at 
the  Centro  per  le  Malattie  Social i  in  Florence,  became  a  visiting  scientist. 
Appointed  as  Staff  Fellows  were  Dr.  Arlene  F.  Kantor,  a  Ph.D.  in  epidemiology 
from  Columbia  University,  and  Dr.  Lynn  R.  Goldin,  a  Ph.D.  in  genetics 
from  the  University  of  North  Carolina.  Also  joining  the  Branch  were 
Diane  J.  Mundt  (Sc.M. ,  Harvard  University)  and  Ruth  A.  Kleinerman  (M.P.H. , 
Boston  University)  in  the  Radiation  Studies  Section,  Barry  A.  Miller 
(M.S.P.H.,  University  of  North  Carolina)  in  the  Occupational  Studies 
Section,  and  Michelle  Morin  (M.S.,  University  of  Massachusetts)  in  the 
Population  Studies  Section. 

RESEARCH  PROGRAM 

Geographic  Studies 

Demographic  patterns--To  provide  a  systematic  means  for  identifying 
geographic  variation  and  clustering,  the  Branch  has  analyzed  U.S.  cancer 
mortality  on  a  county  level  and  prepared  computer-generated  color  maps 
for  35  cancer  sites.  First,  an  atlas  of  cancer  mortality  was  published 
for  the  white  population,  followed  by  a  companion  atlas  for  the  non-white 
population  covering  the  years  1950-69.  At  present  maps  are  being  prepared 
on  cancer  mortality  for  the  time  period  1970-75.  Maps  for  non-neoplastic 
diseases  have  also  been  prepared,  emphasizing  conditions  that  predispose 
to  cancer  or  share  etiologic  factors.  The  clues  derived  from  the  cancer 
maps  have  been  pursued  actively  by  the  Branch,  using  a  stepwise  approach 
of  correlation  and  analytic  studies  summarized  this  year  in  review  articles 
(1,2). 

To  seek  explanations  for  the  geographic  variation  in  cancer  across 
the  U.S.,  correlation  studies  have  related  the  county  mortality  rates 
with  demographic  and  environmental  data  available  at  the  county  level. 
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The  starting  point  may  be  a  particular  environmental  exposure.  In  areas 
with  large  shipyards  during  World  War  II  the  mortality  rates  for  respiratory 
cancers  were  found  to  be  consistently  elevated  (3,4).  In  counties  with 
metal  electroplating  and  coating  industries,  there  were  elevated  rates 
for  several  cancers,  especially  of  the  esophagus  and  larynx  (5).  In 
other  correlation  studies,  the  starting  point  is  a  particular  cancer 
site.  Mapping  of  renal  cancer  revealed  a  clustering  of  elevated  rates  in 
the  upper  north  central  part  of  the  country,  and  correlations  were  seen 
with  the  percentages  of  residents  of  German,  Scandinavian,  and  Russian 
descent  (6).  Leukemia  mortality  was  high  among  people  over  age  55  in  the 
north  central  and  south  central  states  (7).  The  regional  excesses  involved 
primarily  acute  myeloid  leukemia,  and  correlations  were  found  with  certain 
food  industries  and  other  occupational  and  agricultural  indicators. 
Mortality  from  non-Hodgkin' s  lymphoma  was  elevated  also  in  the  central 
part  of  the  country  and  along  coastal  counties  of  California,  and  revealed 
positive  correlations  with  socioeconomic  status  (8).  The  rates  for  this 
tumor  have  risen  over  time,  particularly  for  histiocytic  lymphoma. 
Especially  pronounced  has  been  the  upward  trend  in  rates  for  multiple 
myeloma,  especially  among  blacks  in  all  parts  of  the  country  (9).  A 
mortality  study  of  mycosis  fungoides  revealed  a  predominance  among  males, 
blacks,  and  urban  residents,  particularly  in  the  northeastern  U.S.,  and 
geographic  correlations  with  various  industrial  exposures  (10).  The 
changing  time  trends  for  breast  cancer  mortality  were  evaluated  by  age 
group,  and  seemed  related  to  the  fluctuating  patterns  of  childbearing 
during  this  century  (11).  A  survey  of  thyroid  cancer  in  Connecticut 
showed  increases  in  the  papillary  and  follicular  cell  types,  consistent 
with  the  effects  of  radiation  therapy,  given  previously  to  children  with 
benign  conditions  of  the  head  and  neck  (12).  Attention  was  paid  to  U.S. 
population  groups  traditionally  thought  to  have  a  deficiency  of  cancer 
overall,  and  on  the  high-rate  cancers  that  nevertheless  are  seen  in  such 
"low-risk"  groups  (13).  Also  reported  was  the  increased  risk  among 
Alaskan  natives  of  cancers  arising  from  the  nasopharynx,  salivary  gland, 
kidney,  gallbladder,  liver,  and  connective  tissue  (14). 

Field  studie5--The  final  step  in  geographic  studies  is  the  testing _ 
of  specific  hypotheses  by  case-control  investigations  in  high-risk  sections 
of  the  country  (15-17).  A  major  effort  is  underway  to  evaluate  risk 
factors  for  lung  cancer,  particularly  in  southern  coastal  areas  where  the 
rates  are  highest  in  the  U.S.  (18).  An  earlier  Branch  investigation  in 
coastal  Georgia  found  a  significantly  increased  risk  associated  with 
employment  in  area  shipyards  that  operated  only  during  World  War  II. 
This  year  an  interview  study  was  completed  in  Tidewater  Virginia,  where _ 
respiratory  cancer  rates  were  as  high  as  in  Georgia  and  where  shipbuilding 
was  the  major  employer  during  the  war  and  continues  to  be  so  today  (19). 
There  was  a  70%  excess  risk  of  lung  cancer,  adjusted  for  cigarette  smoking, 
associated  with  shipyard  employment  initated  before  1950.  No  increase 
was  found  for  those  who  began  work  in  1950  or  later,  and  no  appreciable 
difference  was  noted  between  career  and  temporary  employees  who  began 
work  before  1950,  highlighting  the  importance  of  wartime  exposures.  A 
synergistic  interaction  between  shipyard  exposures  and  smoking  was  consistent 
with  previous  observations  on  asbestos  workers.  Mesotheliomas  were  also 
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excessive  in  the  Tidewater  area  (20).  Interviews  were  completed  with  the 
next-of-kin  of  56  of  the  61  white  males  diagnosed  with  mesothelioma 
during  the  years  1972-78.  Three-fourths  of  the  cases  had  been  employed 
in  area  shipyards,  mostly  starting  before  1950.  Many  worked  as  pipecoverers 
where  asbestos  exposure  was  likely  to  have  been  heavy.  Although  the 
incidence  of  mesothelioma  was  not  high  among  females  in  the  Tidewater 
area,  four  of  the  five  women  with  this  tumor  were  the  wives  of  shipyard 
employees. 

Lung  cancer,  among  other  neoplasms,  was  the  focus  of  a  death  certificate 
survey  in  high-risk  areas  of  southern  Louisiana,  in  collaboration  with 
Tulane  University.  Among  patients  dying  with  lung  cancer,  there  was  a 
two-fold  excess  risk  associated  with  shipbuilding  and  fishing  (21).  Some 
association  was  seen  with  the  petroleum  industry  and  with  Acadian  ancestry. 
Death  certificate  differences  between  bladder  cancer  cases  and  controls 
were  not  as  pronounced,  but  a  link  between  pancreas  cancer  and  petroleum 
industry  jobs  offered  some  clues  for  further  study  (22).  To  obtain  more 
detailed  information  on  characteristics  of  cancer  patients  in  Louisiana, 
the  Branch  is  collaborating  with  the  EPA  and  Louisiana  State  University 
in  case-control  interview  studies  of  lung,  pancreas  and  stomach  cancers. 
A  case-control  interview  study  of  respiratory  cancer  along  coastal  Texas 
was  also  begun  with  the  University  of  Texas  School  of  Public  Health.  _ 
Nearly  completed  is  a  similar  study  in  northeast  Florida  in  conjunction 
with  the  University  of  Miami.  Also  near  completion  is  a  case-control 
interview  investigation  of  lung  cancer  in  a  tri -county  area  of  eastern 
Pennsylvania,  where  a  large  nonferrous  metal  smelter  is  located.  The 
interview  data  will  be  linked  with  environmental  measurements  previously 
collected  by  other  agencies  in  the  area. 

A  large-scale  interview  study  of  bladder  cancer  in  several  parts  of 
the  country  (described  below)  includes  several  high-risk  areas  of  the 
country.  A  separate  investigation  of  bladder  cancer  is  underway  in 
northern  New  England,  where  the  rates  are  elevated  in  both  sexes.  To 
clarify  the  relationship  between  woodworking  and  nasal  cancer,  an  interview 
study  of  patients  is  underway  in  Virginia  and  North  Carolina.  Also,  in 
North  Carolina  a  case-control  study  of  oral  cancer  has  been  conducted 
with  the  University  of  North  Carolina  to  identify  factors  responsible  for 
the  high  rates  for  this  cancer  among  rural  southern  women.  Preliminary 
results  suggest  that  snuff  use  is  the  major  risk  factor.  To  understand 
reasons  for  the  clustering  of  renal  cancer  in  the  north  central  area,  the 
Branch  has  undertaken  a  case-control  study  with  the  University  of  Minnesota. 

Occupational  Studies 

Occupational  studies  have  long  played  an  important  role  in  identifying 
environmental  carcinogens.  There  are  implications  beyond  the  work  force, 
since  many  agents  spread  from  the  work  place  to  the  surrounding  environment. 
Although  the  extent  of  the  hazards  resulting  from  environmental  pollution 
or  contaminated  consumer  products  is  not  clear,  there  is  no  question  that 
occupational  groups  are  invaluable  as  sentinels  for  identifying  and 
evaluating  risks  to  the  general  population.  Occupational  studies  are 
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initiated  by  the  Branch  for  various  purposes:  (a)  to  explain  "hot  spots" 
uncovered  by  county-by-county  surveys  of  cancer  mortality;  (b)  to  identify 
high-risk  subgroups  within  broad  industrial  categories;  (c)  to  pursue 
clues  provided  by  animal  bioassays  or  alert  clinicians;  (d)  to  estimate 
risks  associated  with  known  carcinogens  in  user  rather  than  producer 
industries;  (e)  to  assist  outside  agencies  or  institutions  in  evaluating 
the  health  experience  of  their  workers;  and  (f)  to  provide  insights  into 
the  basic  mechanisms  of  carcinogenesis.  A  variety  of  approaches  are 
taken,  especially  retrospective  cohort  and  proportionate  mortality  studies, 
utilizing  data  resources  from  industrial  firms,  labor  unions,  professional 
associations,  state  vital  records  departments,  the  Social  Security  Administra- 
tion, and  other  government  agencies.  Covered  elsewhere  in  this  report 
are  the  case-control  and  correlation  studies  which  may  help  identify 
occupational  hazards. 

Several  studies  were  reported  this  past  year.  Preliminary  results 
from  a  survey  of  non-agricultural  pesticide  applicators  revealed  an 
excess  of  deaths  from  lung  cancer,  particularly  among  workers  licensed 
for  ten  or  more  years  (23).  A  proportionate  mortality  study  of  Government 
Printing  Office  employees  revealed  excesses  of  multiple  myeloma  among 
composing  room  workers  in  contact  with  lead  compounds,  and  leukemia  among 
bindery  workers  possibly  exposed  to  benzene  (24).  A  proportionate  mortality 
study  of  workers  in  the  metal  polishing  and  plating  industry  showed 
excesses  of  esophageal  and  liver  cancers,  possibly  due  to  exposures  to 
metal  fumes,  solvents,  and  strong  acid  or  alkaline  substances  (25).  A 
study  of  causes  of  death  among  veterinarians  revealed  significant  increases 
of  leukemia  and  Hodgkin's  disease,  and  cancers  of  the  brain,  liver,  and 
skin  (26).  The  mortality  from  cancer  was  greatest  among  veterinarians  in 
clinical  practice,  raising  the  possibility  that  specific  work  exposures 
(e.g.,  medical  x-rays,  animal  viruses)  may  be  carcinogenic.  Analysis  of 
occupations  recorded  on  death  certificates  from  Nebraska  (1957-74)  revealed 
an  increased  risk  of  leukemia  among  farmers,  especially  from  heavy  corn- 
producing  counties  (27). 

Several  large-scale  mortality  surveys  of  industrial  groups  were  also 
carried  out.  A  study  of  active  and  retired  employees  of  a  pharmaceutical 
company  indicated  excesses  of  respiratory  cancer  and  leukemia  among 
female  production  workers,  melanoma  among  male  production  workers,  and 
respiratory  cancer  among  male  maintenance  workers  (28).  These  associations 
could  not  be  traced  to  specific  chemical  exposures,  but  provide  leads  to 
further  studies.  An  evaluation  of  mortality  among  members  of  the  Oil, 
Chemical,  and  Atomic  Workers  International  Union  (OCAW)  indicated  elevated 
frequencies  of  cancers  of  the  stomach,  kidney,  brain,  leukemia,  and 
multiple  myeloma  among  petroleum  refinery  and  petrochemical  workers  who 
were  OCAW  members  for  at  least  ten  years  (29).  Mortality  ratios  for 
cancers  of  the  stomach,  brain,  and  lung  were  especially  high  in  specific 
plants,  where  more  definitive  studies  are  planned.  A  proportionate 
analysis  of  202  deaths  among  aircraft  spray  painters  exposed  to  zinc 
chromate  paints  revealed  an  excess  of  lung  cancer,  consistent  withthe 
risks  seen  in  chromium  manufacturing  processes  (30).  A  survey  of  iron 
foundry  workers  exposed  to  polycyclic  hydrocarbons  revealed  excess  mortality 
from  cancers  of  the  respiratory  and  digestive  systems  (31). 
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A  methodologic  comparison  of  the  proportionate  mortality  ratios 
(PMRs)  and  standardized  mortality  ratios  (SMRs)  indicated  that  PMRs  will 
overstate  or  understate  disease  risks  depending  on  whether  the  overall 
mortality  of  the  study  group  is  lower  or  higher  than  the  comparison  group 
(32).  Using  a  conversion  rule,  an  equation  was  developed  to  estimate 
SMRs  from  cause-specific  PMRs,  thereby  allowing  more  precise  estimation 
of  underlying  disease  risks  when  the  population-at-risk  is  unknown.  A 
descriptive  study  of  smoking,  an  important  confounder  of  occupational 
studies,  evaluated  the  characteristics  of  smokers,  exsmokers,  and  nonsmokers 
in  a  working  population  (33).  Despite  numerous  comparisons  of  physical, 
occupational,  and  social  characteristics,  few  differences  were  seen  among 
groups.  This  provides  little  support  for  the  constitutional  hypothesis 
of  smoking  risk. 

A  comprehensive  review  of  occupational  cancer  was  prepared  this  year 
(34).  Although  results  are  not  yet  available,  studies  are  underway  to 
evaluate  the  effects  of  various  industrial  exposures.  A  cohort  study  of 
copper  smelter  workers  will  update  an  earlier  Branch  study  that  linked 
lung  cancer  with  exposures  to  arsenic  trioxide.  Cohort  studies  of  stainless 
steel  welders  and  jewelry  manufacturers  should  help  assess  the  risk  of 
cancer  after  exposure  to  metals  and  organic  solvents  that  have  shown 
carcinogenic  activity  in  laboratory  animals.  A  cohort  study  of  retired 
fur  workers  will  clarify  the  hazards  of  dyes  that  are  carcinogenic  in 
laboratory  animals  and  used  extensively  as  hair  dyes.  A  study  of  the 
mortality  patterns  of  workers  in  a  large  leather  tannery  and  shoe  manufac- 
turing plant  also  focuses  on  potential  exposures  to  dyes,  solvents, 
leather  dusts,  and  possibly  asbestos  in  view  of  occurrences  of  mesothelioma 
in  shoeworkers  (35).  Mortality  studies  are  also  underway  for  the  following 
occupational  groups:  chemical  plant  workers  exposed  to  benzene;  taconite 
miners  exposed  to  asbestos  and  fibrous  dusts;  embalmers  exposed  to  formalde- 
hyde and  other  chemicals;  chemists  belonging  to  the  American  Chemical 
Society;  makers  of  tobacco  involving  contact  with  pesticide  residues;  and 
laboratory  personnel  previously  employed  at  Fort  Detrick,  Maryland,  to 
determine  any  effect  of  hyperimmunization  through  repeated  vaccinations. 
Mortality  studies  of  USDA  employees,  aerial  applicators,  licensed  pesticide 
applicators,  and  persons  poisoned  by  pesticides  should  help  clarify  the 
risks  associated  with  pesticide  exposure.  Studies  of  artists,  photographers 
and  potters  were  initiated  because  of  their  contact  with  potentially 
hazardous  substances  including  arsenic,  lead,  chromium,  benzene  and  other 
solvents,  and  asbestos  and  fibrous  dusts. 

A  number  of  collaborative  studies  with  other  government  agencies  or 
outside  groups  are  underway.  With  the  National  Heart,  Lung,  and  Blood 
Institute,  an  analysis  of  cancer  mortality  among  300,000  U.S.  veterans  by 
occupational  categories  and  smoking  habits  should  provide  new  leads  to 
occupational  hazards.  Efforts  are  being  made  to  extend  the  followup  of 
this  cohort  from  1970  to  the  present  to  examine  occupational  factors  in 
rare  tumors.  In  collaboration  with  the  Medical  Follow-up  Agency  (NAS),  a 
cohort  study  will  evaluate  the  possible  carcinogenic  effects  of  exposure 
to  tetrachloroethane,  which  was  used  to  impregnate  clothing  against 
mustard  gas  during  World  War  II.  Studies  of  two  worker  groups  (marine 
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Inspectors  and  shipyard  workers)  with  exposures  to  benzene,  welding 
fumes,  and  asbestos  have  been  initiated  with  the  U.S.  Coast  Guard.  A 
mortality  study  of  chemical  workers  having  contact  with  formaldehyde  and 
formaldehyde-resins  is  being  developed  with  cooperation  from  the  Formaldehyde 
Institute  following  reports  that  this  agent  is  carcinogenic  in  laboratory 
animals. 

Radiation  Studies 

As  pressure  mounts  to  identify  the  health  effects  of  low-level 
exposures  to  ionizing  radiation,  large  scale  studies  of  irradiated  popula- 
tions have  been  initiated.  These  include  studies  of  over  100,000  cervical 
cancer  patients  treated  with  radium  implants;  20,000  former  tuberculosis 
patients  who  received  multiple  fluoroscopies;  3500  children  exposed  to 
head  and  neck  irradiation  during  childhood;  and  80,000  survivors  of  the 
atomic  bombings  in  Hiroshima  and  Nagasaki.  Radiation  studies  of  latent 
period,  dose  response,  interactions  with  host  factors  (e.g.,  age),  and 
other  risk  factors  have  basic  implications  for  theories  of  carcinogenesis. 

To  characterize  the  risk  of  radiogenic  breast  cancer,  the  three 
major  sets  of  human  data  were  analyzed  in  similar  fashion.  The  exposed 
populations  included  tuberculosis  patients  who  had  multiple  fluoroscopic 
examinations  of  the  chest,  mastitis  patients  given  radiotherapy,  and 
A-bomb  survivors  (36,37).  The  findings  suggest  the  following:  the  risk 
of  breast  cancer  is  greatest  in  persons  exposed  as  adolescents,  although 
exposure  at  all  ages  carries  some  risk;  the  dose-effect  relationship  is 
consistent  with  linearity;  fractionation  does  not  appear  to  diminish  risk 
nor  does  time  since  exposure,  even  after  45  years  of  observation;  the 
interval  between  exposure  and  clinical  appearance  of  radiogenic  breast 
cancer  is  mediated  by  age-related  factors  (hormonal?)  but  is  unrelated  to 
dose.  By  pooling  the  available  data  from  western  women,  estimates  of 
radiogenic  breast  cancer  risks  were  made:  10.4  excess  cases/lO^WY-rad 
and  6.6  excess  cases/lO^WY-rad  for  women  10-19  and  20+  years  of  age  at 
exposure,  respectively.  Only  limited  data  exist  on  the  risks  of  radiogenic 
breast  cancer  in  older  women;  in  fact,  a  peculiar  decrease  in  risk  with 
increased  dose  was  observed  for  A-bomb  survivors  aged  40-49  at  exposure. 
This  issue  will  be  clarified  by  a  collaborative  study  with  Harvard 
University  to  evaluate  the  risk  of  breast  cancer  in  tuberculosis  patients 
who  received  multiple  chest  fluoroscopies  after  age  30. 

The  followup  of  women  exposed  to  multiple  fluoroscopic  chest  examina- 
tions in  conjunction  with  pneumothorax  treatment  of  tuberculosis  continued 
(38,39).  The  findings  reaffirm  that  repeated  relatively  low  radiation 
doses  pose  some  future  risk  of  breast  cancer,  that  the  risk  may  be  cumulative, 
and  that  a  woman's  lifetime  risk  of  breast  cancer  may  be  determined  in 
large  part  during  her  reproductive  years.  Exposures  around  menarche  and 
during  first  pregnancy  appear  especially  hazardous,  so  that  proliferating 
breast  tissue  may  be  particularly  sensitive  to  the  carcinogenic  effects 
of  radiation.  The  estimation  of  breast,  lung,  stomach,  pancreas  and  bone 
marrow  doses  from  fluoroscopy  has  been  refined  and  a  mortality  analysis 
performed  (40).  No  excess  of  total  cancer  deaths,  leukemia,  lung  cancer 
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or  lymphoma  was  seen  among  fluoroscopically  examined  women.  The  mortality 
analysis  is  meaningful  to  the  extent  that  upper  levels  of  radiation  risk 
might  be  excluded:  7.5  deaths/lO^WY-rad  for  leukemia,  1.5  deaths/lO^WY-rad 
for  lung  cancer,  and  2.6  deaths/lO^WY-rad  for  lymphoma.  Expansion  of 
this  study  is  underway  in  Massachusetts  and  Connecticut  to  evaluate 
further  the  risk  of  radiogenic  leukemia  and  lung  cancer  in  both  men  and 
women. 

A  10-year  international  radiation  study  of  30,000  cervical  cancer 
patients,  treated  in  9  countries  and  followed  clinically  with  blood 
studies,  failed  to  observe  an  excess  of  leukemia,  although  the  mean  bone 
marrow  doses  were  large  and  a  substantial  excess  was  predicted  (41,42). 
The  absence  of  an  effect  suggests  that  a)  high  doses  to  small  volumes  of 
bone  marrow  may  cause  substantial  cell-killing  and  minimal  cell  transforma- 
tion; b)  patients  may  not  have  been  followed  long  enough  to  observe  an 
effect  since  A-bomb  studies  indicate  a  longer  latent  period  for  older 
persons;  and/or  c)  women  may  be  less  sensitive  than  men  to  radiogenic 
leukemia.  A  deficit  of  chronic  lymphocytic  leukemia  was  observed  suggesting 
that  radiation  may  actually  protect  against  the  development  of  this 
disease.  A  significant  deficit  of  multiple  myeloma  was  also  found. 
Doses  to  body  sites  outside  the  pelvic  area  from  radium  are  low  (1-100 
rad)  and  can  be  accurately  determined.  A  feasibility  effort  is  underway 
to  enlarge  and  extend  this  study  another  ten  years  to  evaluate  organ-specific 
risks  following  low- level  exposure. 

Using  resources  of  the  Radiation  Effects  Research  Foundation  (Japan), 
studies  were  conducted  that  add  new  cancers  (lymphomas  and  cancers  of  the 
esophagus,  stomach  and  urinary  tract)  to  the  list  of  those  known  to  be 
caused  by  radiation  from  the  1945  A-bomb  explosions  (43).  Solid  tumors 
as  a  group  now  outweigh  leukemia  as  a  radiation  effect,  in  terms  of 
absolute  risk.  The  minimal  latent  period  of  most  cancers  was  under  15 
years  and  depended  on  age  and  site  of  cancer.  Since  effects  appear 
generally  stronger  in  Hiroshima  than  Nagasaki,  it  would  seem  that  neutrons 
are  more  potent  carcinogens  than  gamma  rays  (44,45).  Cancer  is  clearly 
the  major  late  effect  of  A-bomb  radiation,  and  a  non-specific  aging 
effect  is  not  supported  by  the  data.  Studies  of  breast  cancer  revealed  a 
dose-effect  relationship  that  was  approximately  linear  at  low  doses  with 
an  effect  at  doses  below  50  rad.  The  breast  cancer  incidence  data  provide 
an  exception  to  the  general  rule  of  greater  effect  for  neutrons  than  for 
gamma  rays  as  the  estimated  risks  per  rad  were  practically  identical  for 
both  cities.  The  intervals  between  exposure  and  the  clinical  appearance 
of  radiogenic  cancers  of  the  breast  and  lung  were  unaffected  by  dose, 
whereas  leukemia  tended  to  occur  earlier  in  the  more  heavily  exposed 
groups.  The  mechanism  for  leukemogenesis  may  be  fundamentally  different 
from  carcinogenesis  generally,  since  age-related  events  appear  to  be 
required  before  radiogenic  tumors  of  the  breast  and  lung  are  induced.  To 
evaluate  the  possible  interaction  between  radiation  and  host  factors  that 
increase  breast  cancer  risks  (e.g.,  family  history),  a  case-control  study 
has  been  initiated  in  Japan.  Expanded  collaborative  efforts  with  RERF 
are  planned  which  include  more  direct  involvement  of  Branch  staff. 
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A  study  to  evaluate  the  risk  of  head  and  neck  malignancies  among 
children  irradiated  for  enlarged  tonsils  is  continuing.  This  study 
includes  surgical  controls,  and  physical  examinations  are  planned  for 
both  groups  to  evaluate  the  efficacy  of  "callback"  programs  and  the 
significance  of  occult  tumors  found  at  screenings.  Also  continuing  are  a 
geographic  correlation  study  linking  uranium  mill  tailing  deposits  with 
cancer  mortality  in  western  counties;  a  cancer  incidence  study  of  over 
36,000  patients  treated  with  radioactive  iodine  for  hyperthyroidism  (with 
the  FDA  Bureau  of  Radiological  Health);  and  analysis  of  sputum  cytology 
data  in  uranium  miners  (46).  The  risk  of  osteosarcoma  and  fibrosarcoma 
of  bone  has  increased  among  patients  with  Ewing's  sarcoma  treated  with 
radiation  (47),  and  surveys  of  radiogenic  neoplasms  are  being  conducted 
in  patients  with  childhood  cancer,  breast  cancer,  Hodgkin's  disease,  and 
thyroid  cancer.  A  collaborative  study  of  10,000  children  irradiated  for 
ringworm  of  the  scalp  in  Israel  was  begun.  A  preliminary  mortality  and 
incidence  study  of  X-ray  technicians  has  been  initiated,  as  well  as 
feasibility  studies  of  radiation-induced  chromosome  damage  following 
multiple  chest  fluoroscopies  and  radiotherapy  for  cervical  cancer.  An 
evaluation  was  made  of  a  well-publicized  investigation  of  cancer  among 
nuclear  energy  workers  (48).  Several  review  papers  concerning  the  health 
effects  following  exposure  to  ionizing  radiation  were  written,  including 
a  general  overview  of  radiogenic  cancer  (49),  a  survey  of  cancers  following 
medical  irradiation  (50),  the  effects  of  radiation  on  the  immune  system 
(51),  the  statistical  aspects  of  estimating  cancer  risks  from  low  doses 
of  radiation  (52,54),  the  epidemiologic  issues  surrounding  low-dose 
studies  (55),  and  the  long-term  effects  of  radiation  upon  the  human  fetus 
(56). 

Members  of  the  Branch  also  helped  prepare  several  committee  reports 
to  assess  the  risks  of  mammography  for  breast  cancer  (National  Council  of 
Radiation  Protection  and  Measurements),  to  review  and  reanalyze  a  mortality 
survey  of  cancer  among  atomic  energy  workers  (Department  of  Energy),  to 
evaluate  the  biological  effects  of  ionizing  radiation  (National  Academy 
of  Sciences,  and  DHEW) ,  to  review  the  effects  of  low-level  doses  (NCI), 
and  to  evaluate  the  possible  hazards  resulting  from  the  Three  Mile  Island 
nuclear  power  plant  accident  (NIH)  (52,57-61). 

Medicinal  Agents 

Drugs  have  been  generally  thought  to  contribute  only  slightly  to  the 
overall  risk  of  cancer,  but  recent  reviews  by  Branch  members  suggest  that 
the  hazard  may  be  much  greater  than  anticipated  (62-66).  This  year 
several  projects  were  undertaken  to  evaluate  the  carcinogenic  effects  of 
estrogen  compounds.  A  case-control  study  of  breast  cancer  using  the 
Breast  Cancer  Detection  Demonstration  Project  revealed  increases  in 
relative  risk,  primarily  in  women  with  a  surgical  menopause  (67).  Estrogens 
appeared  to  obliterate  the  protective  effect  normally  associated  with 
oophorectomy,  and  produced  an  increased  risk  with  extended  use.  Nearly  a 
four-fold  excess  risk  was  seen  for  cancers  detected  after  the  initial 
screening  among  users  of  ten  or  more  years.  The  highest  risks  were  seen 
when  hormones  were  used  in  the  presence  of  known  risk  factors  including 
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nulliparity,  family  history  of  breast  cancer,  and  benign  breast  disease. 
Another  study  involved  345  women  with  breast  cancer  and  611  controls,  all 
members  of  a  prepaid  health  plan  (68,69).  There  was  a  significant  excess 
risk  among  women  who  ever  used  conjugated  estrogens;  a  dose-response 
relationship  was  seen  with  three  different  measures  of  dose,  rising  to 
two-fold  following  long-term  use. 

Another  problem  under  study  is  the  risk  of  developing  cancer  among 
patients  treated  with  cytotoxic  agents  or  immunosuppressive  drugs.  A 
system  for  monitoring  the  risk  of  second  primary  neoplasms  has  been 
implemented,  in  collaboration  with  the  NCI  Division  of  Cancer  Treatment, 
utilizing  the  protocols  of  several  cooperative  trial  groups.  In  one 
study  no  excess  of  leukemia  or  other  tumors  was  found  following  low-dose 
thio-TEPA  or  FUDR  adjuvant  chemotherapy  for  large  bowel  cancer  (70). 
Nearing  completion  is  a  large-scale  survey  to  clarify  the  risk  of  leukemia 
among  patients  with  ovarian  cancer  treated  with  alkylating  agents.   In  a 
survey  of  54  patients  treated  with  cyclophosphamide  for  rheumatoid  disease, 
2  cases  of  bladder  cancer  were  observed,  about  100  times  the  expected 
number  (71).  In  addition  to  the  continued  study  of  renal  transplant 
recipients  (see  below),  surveys  are  underway  in  collaboration  with  the 
Cleveland  Clinic  and  the  NIH  Clinical  Center  to  determine  whether  immuno- 
suppressive and  cytotoxic  drugs  increase  the  risk  of  cancer  in  patients 
with  various  autoimmune  diseases. 

Several  compounds  that  are  carcinogenic  in  laboratory  animals  were 
evaluated  this  year.  A  mortality  survey  of  338  women  treated  with  isoniazid 
for  pulmonary  tuberculosis  revealed  no  unusual  cancer  experience,  but  did 
uncover  excess  deaths  from  liver  cirrhosis,  suggesting  that  chronic  as 
well  as  acute  liver  disease  may  complicate  this  treatment  (72).  A  study 
of  leprosy  patients  treated  with  dapsone  is  continuing. 

Nutritional  Studies 

This  year  the  Branch  expanded  its  research  to  clarify  dietary  factors 
in  cancer  etiology.  Several  of  the  case-control  studies  in  high-risk 
areas  have  probed  for  nutritional  exposures.  In  two  rural  counties  in 
Nebraska  with  a  cluster  of  colon  cancer,  the  risk  was  primarily  among 
people  of  Czech  ancestry  and  was  associated  with  a  high  intake  of  fat  and 
dairy  products.  In  a  case-control  study  of  esophageal  cancer  among 
blacks  in  Washington,  D.C.,  alcohol  consumption  was  the  primary  risk 
factor  and  provided  approximately  40%  of  the  daily  caloric  requirement. 
After  controlling  for  alcohol  intake,  the  consumption  of  fruit  and  vegetables 
containing  vitamins  A  and  C  was  inversely  related  to  the  risk  of  esophageal 
cancer.  The  role  of  micronutrient  deficiency  is  also  being  evaluated  in 
case-control  studies  of  lung  cancer,  and  the  influence  of  fat  intake  is 
being  explored  in  breast  cancer. 

A  case-control  study  using  death  records  has  been  designed  to  evaluate 
the  low  rates  of  colorectal  and  breast  cancer  in  the  southern  United 
States,  including  retirement  areas  with  a  large  percentage  of  migrants 
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from  the  North  (73).  It  is  suspected  that  dietary  changes  following 
migration  may  exert  a  protective  effect  against  the  development  of  these 
neoplasms. 

With  HANES  I,  the  first  Health  and  Nutrition  Examination  Survey  of 
the  United  States,  1971-75,  the  National  Center  for  Health  Statistics 
assessed  the  nutritional  status  of  13,000  representative  American  adults. 
The  Branch  is  searching  for  geographic  correlations  between  dietary  and 
biochemical  data  from  this  study  and  the  county  rates  for  various  cancers. 
The  data  are  also  being  utilized  for  methodological  studies  of  nutritional 
epidemiology.  In  cooperation  with  other  Institutes  and  the  National 
Center  for  Health  Statistics,  the  Branch  is  preparing  to  followup  all  the 
adults  examined  in  HANES  I,  in  an  effort  to  relate  dietary  habits  with 
the  subsequent  risk  of  cancer. 

With  the  Medical  Follow-up  Agency,  a  mortality  survey  of  U.S.  Army 
servicemen  hospitalized  for  chronic  alcoholism  in  1944-45  revealed  an 
excess  for  several  causes  of  death,  including  cancers  of  the  buccal 
cavity,  pharynx,  larynx,  and  esophagus  (74).  The  findings  support  previous 
studies  suggesting  that  alcohol  potentiates  the  carcinogenic  effect  of 
tobacco  smoke,  perhaps  through  nutritional  deficiencies  or  co-carcinogens 
that  may  be  present  in  alcoholic  beverages.  Further  investigations  were 
suggested  to  clarify  the  remaining  issues  (75). 

Case-Control  Studies 

Several  case-control  investigations  were  conducted  this  year,  apart 
from  the  field  studies  in  high-risk  communities  and  studies  of  drug-induced 
cancer  (described  above).  Interviews  were  completed  from  a  large  collabo- 
rative population-based  study  of  bladder  cancer  (with  the  Food  and  Drug 
Administration)  combining  information  from  the  New  Jersey  State  Department 
of  Health  and  ten  areas  of  the  SEER  Program  of  NCI.  This  study  involves 
4000  bladder  cancer  patients  and  7000  controls  drawn  from  a  probability 
sample  of  the  general  population.  Data  were  collected  on  saccharin  use, 
smoking  habits,  occupational  history,  sources  of  drinking  water,  hair 
dyes,  coffee  drinking,  and  medical  history.  The  preliminary  findings 
suggested  no  overall  association  with  artificial  sweeteners,  but  excess 
risks  related  to  dose  were  seen  among  persons  who  smoked  heavily  or  who 
had  an  otherwise  low  baseline  risk  (i.e.,  female  non-smokers  unexposed  to 
occupational  hazards).  The  findings  suggest  that  artificial  sweeteners 
may  be  weakly  carcinogenic  or  co-carcinogenic,  but  the  maximum  likely 
magnitude  of  any  such  risk  is  small  by  epidemiologic  standards  (76-78). 
The  bladder  cancer  study  is  being  continued  in  greater  Atlanta  to  better 
evaluate  the  effects  of  occupational  exposure  associated  with  textiles 
and  dyes,  and  in  greater  New  Orleans  to  clarify  the  role  of  pollutants  in 
drinking  water.  A  separate  case-control  study  of  bladder  cancer  involves 
patients  under  21  years  of  age,  their  siblings,  and  a  comparison  group  of 
other  childhood  cancers.  The  subjects  and  their  mothers  will  be  interviewed 
for  prenatal  and  early  life  exposures  to  artificial  sweeteners  and  other 
possible  risk  factors. 
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Nearly  completed  is  a  study  of  non-Hodgkin' s  lymphoma  involving  91 
cases  treated  at  the  NIH  Clinical  Center  plus  121  sibling  controls.  The 
questionnaire  probes  lifetime  occupational  and  residential  histories, 
drug  use,  exposure  to  lymphoma  cases,  and  detailed  medical  and  family 
histories.  A  study  has  begun  on  325  patients  with  testicular  cancer 
treated  at  the  NIH  Clinical  Center,  Walter  Reed  Army  Hospital,  and  Bethesda 
Naval  Medical  Center  along  with  325  controls,  and  mothers  whenever  possible, 
to  obtain  detailed  information  on  prenatal  and  postnatal  exposures  to 
medicinal,  occupational,  and  other  environmental  factors  suspected  in  the 
origins  of  this  tumor. 

Another  interview  study  involves  350  patients  with  ovarian  cancer  in 
the  Washington,  D.C.,  area  and  an  equal  number  of  women  hospitalized  for 
other  conditions,  to  help  clarify  the  influence  of  reproductive  factors, 
exogenous  hormones,  contraceptive  methods,  and  other  possible  risk  factors. 
Also  nearing  completion  is  an  interview  study  of  400  patients  with  intraocular 
melanoma,  and  an  equal  number  of  controls,  in  collaboration  with  the 
Wills  Eye  Institute  in  Philadelphia.  Mail  questionnaires  are  being  sent 
to  180  patients  with  multiple  myeloma  participating  in  the  Acute  Leukemia 
Group  B,  plus  their  siblings,  to  elicit  information  on  environmental  and 
host  factors.  A  similar  study  is  being  conducted  on  270  patients  with 
mycosis  fungoides. 

Case-control  studies  were  also  carried  out  on  childhood  neoplasms. 
Using  data  from  the  Connecticut  Tumor  Registry,  a  survey  of  Wilms'  tumor _ 
revealed  a  four-fold  excess  in  risk  associated  with  lead-related  occupations 
in  the  father  (79).  In  collaboration  with  British  investigators  and  the 
Oxford  survey  of  childhood  cancer,  no  relationships  were  found  to  link 
these  tumors  with  oral  clefts,  or  with  prenatal  exposure  to  viral  infections 
(80,81). 

Family  Studies 

Epidemiologic  patterns  of  cancer  suggest  that  the  environment  contri- 
butes much  more  to  cancer  risk  than  do  genetic  factors.  Perhaps  in  the 
general  run  of  patients,  inherited  susceptibility  and  interactions  with 
environmental  influences  are  too  subtle  or  complex  for  detection  by 
ordinary  epidemiologic  means.  On  occasion,  when  susceptibility  is 
conspicuous,  as  in  cancer-prone  families,  research  opportunities  are 
provided  that  may  clarify  the  role  of  genetic  and  environmental  factors 
in  carcinogenesis.  Studies  on  high-risk  families  are  conducted  jointly 
with  the  Clinical  Epidemiology  Branch,  and  with  clinical  and  laboratory 
scientists  at  NIH  and  elsewhere.  The  patterns  of  familial  cancer  and  the 
interdisciplinary  approach  were  reviewed  this  year  (82).  The  role  of  the 
research  nurse  was  also  described  (83,84). 

The  development  of  an  integrated  manual  and  computerized  record- keeping 
system  provides  a  framework  for  an  expanding  data  base  that  grew  by  over 
200  new  families  in  the  past  year,  bringing  the  total  to  more  than  1000 
families.  This  system  recently  demonstrated  its  utility  by  enabling  the 
rapid  analysis  of  a  complex  set  of  data  collected  to  assess  the  relationship 
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of  autoimmunity  to  cancer.  Thirty  families  identified  with  dermatitis 
herpetiformis  (DH),  25  with  gluten-sensitive  enteropathy  (GSE),  and  30 
with  sicca  syndrome  are  under  evaluation.   In  a  preliminary  report  of  DH 
and  GSE,  family  members  were  found  to  have  an  increased  incidence  of 
autoimmune  disorders,  but  no  excess  of  neoplasia  (85). 

Interdisciplinary  studies  of  high-risk  families  continue  to  provide 
new  insights  into  the  mechanisms  of  host  susceptibility  to  cancer.  This 
research  strategy  is  illustrated  by  the  evaluation  of  familial  melanoma 
and  its  relation  to  the  dysplastic  nevus  syndrome,  first  described  by 
Branch  staff  in  1978.  Of  70  melanoma-prone  families,  nearly  all  have 
precursor  moles.  Reports  this  year  helped  to  further  characterize  the 
mole  syndrome  (86),  its  occurrence  in  some  patients  with  sporadic  melanoma 
(87),  and  its  treatment  by  topical  chemotherapy  (88).  Over  350  members 
of  13  high-risk  families  have  been  examined,  and  biological  specimens 
collected  for  a  battery  of  laboratory  studies,  including  immunologic 
investigations  (89,90).  Linkage  analysis  is  planned  using  an  extensive 
panel  of  genetic  markers.   Identification  of  this  syndrome  has  enabled 
the  diagnosis  and  removal  of  early-stage  melanoma,  and  a  comprehensive 
educational  program  has  been  developed  for  families  and  physicians. 

Immunologic  parameters  have  been  evaluated  in  families  susceptible 
to  lymphoreticular  neoplasms.  The  importance  of  long-term  followup  was 
illustrated  by  a  family  reported  several  years  ago  with  sib  aggregation 
of  chronic  lymphocytic  leukemia  and  in  vitro  immune  dysfunction.  Recently, 
an  offspring  developed  a  related  B-cell  malignancy;  laboratory  studies 
now  suggest  a  dominantly  inherited  deficiency  of  cellular  immunity  associated 
with  a  predisposition  to  lymphoproliferative  neoplasms  (91).  Also  reported 
was  a  family  with  Waldenstrom's  macroglobulinemia  occurring  in  a  father 
and  three  offspring,  along  with  autoimmune  manifestations  in  .the  family 
(92).  An  immunogenetic  mechanism  was  suggested  by  genetic  linkage  of 
cases  to  markers  in  the  major  histocompatibility  locus.  Associated  with 
the  HLA  haplotype  were  B-cell  alloantigens  Ia-172  and  Ia-350,  previously 
reported  in  patients  with  the  lymphoma-prone  sicca  syndrome.  HLA  typing 
of  families  prone  to  Hodgkin's  disease  suggested  an  excess  of  Bw-35  and 
Bw-37  (93),  and  recently  a  new  locus  was  suggested  within  the  major 
histocompability  complex. 

Studies  were  made  of  a  family  with  an  inborn  cytogenetic  abnormality 
(13:18  translocation).  Acute  leukemia  and  stomach  cancer  occurred  among 
the  carriers,  and  defective  gonadal  function  was  suggested  by  the  presence 
of  infertility  in  family  members,  along  with  ovarian  cysts  and  teratomas. 
In  collaboration  with  the  Sloan-Kettering  Institute,  studies  were  carried 
out  on  families  prone  to  colon  cancer.  An  abnormality  of  actin  cable 
structure  was  found  in  fibroblasts  of  patients  with  familial  polyposis, 
but  not  in  colon  cancer-prone  families  without  polyposis  (95).  In  both 
types  of  families,  there  was  a  growth  abnormality  of  colonic  mucosa 
signaling  an  early  mutational  event  (96).  In  other  studies  a  predisposition 
to  leukemia  seemed  related  to  the  susceptibility  of  fibroblasts  to  SV40 
infection  and  transformation  (97-99).  Studies  are  underway  to  examine 
DNA  repair  in  various  cancer-prone  families.  During  the  course  of  family 
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studies,  biological  specimens  are  placed  in  storage  and  utilized  as  new 
laboratory  approaches  are  developed.  Serum  from  1300  family  members  and 
cultured  skin  fibroblasts  from  2000  individuals  are  available  for  collabo- 
rative studies.  Sera  from  one  family  helped  establish  that  there  was  no 
linkage  between  variable  and  constant  region  allotypic  markers  on  heavy 
chains  (100). 

Comprehensive  reviews  were  prepared  on  the  familial  and  genetic 
aspects  of  multiple  myeloma  and  macroglobulinemia  (101,102),  and  non-Hodgkin' s 
lymphoma  and  mycosis  fungoides  (103,104).  An  excess  of  lymphoproliferative 
neoplasms  was  seen  in  family  members  of  patients  with  mycosis  fungoides 
(10).  A  review  was  made  of  congenital  hemi hypertrophy,  which  increases 
the  risk  of  embryonal  neoplasms  involving  the  kidney,  adrenal  cortex,  and 
liver  (105).  The  association  of  polyposis  and  glioma  (Turcot  syndrome) 
was  also  reviewed  (106),  and  comments  prepared  on  the  rarity  of  transplacental 
metastases  of  maternal  cancer  (107).  One  Branch  member  prepared  a  foreword 
to  a  monograph  on  Tumours  of  Early  Life  in  Man  and  Animals  (108). 

Several  studies  were  conducted  with  the  NIH  Clinical  Center  staff. 
Two  patients  with  Charcot-Marie-Tooth  disease  subsequently  developed 
melanoma,  suggesting  a  shared  neural  crest  defect  or  genetic  linkage 
(109).  An  outbreak  of  varicella-zoster  infection  was  investigated  to 
clarify  the  mechanisms  of  infectious  spread  (110).  A  followup  is  being 
prepared  on  35  families  prone  to  sarcomas  and  other  neoplasms,  to  better 
delineate  the  syndrome  of  tumors  originally  described  by  Branch  staff  and 
to  search  for  susceptibility  mechanisms. 

Infectious  Agents 

Viruses  have  not  been  causally  tied  to  the  origins  of  any  human 
cancer,  but  candidate  agents  are  suspected  for  cervical  cancer  (herpes 
virus  type  2),  Burkitt's  lymphoma  and  nasopharyngeal  carcinoma  (Epstein-Barr 
virus),  and  liver  carcinoma  (hepatitis-B).  This  year  one  staff  member 
reported  on  clinical  and  etiologic  investigations  of  African  BL,  which  is 
thought  to  be  related  to  the  combination  of  EBV  and  malarial  infection  in 
young  children  (111-115).  The  incidence  and  timing  of  EBV  infection  in 
African  and  American  children  were  studied  (116).  In  African  children 
the  patterns  of  malaria  were  examined  to  see  if  its  epidemiologic  behavior 
is  consistent  with  that  of  BL  (117).  Serial  studies  of  EBV  in  patients 
with  BL  showed  no  change  in  antibody  after  late  relapse,  suggesting  that 
the  presence  of  tumor  is  not  responsible  for  the  high  titer  seen  in  BL 
patients.  The  biological  effects  of  malaria  on  infants,  and  relationships 
to  EBV  titers  are  also  being  evaluated.  The  role  of  chromosome  abnormalities, 
including  the  14q+  marker,  and  HLA  types  is  being  examined  in  patients 
with  BL. 

EBV  is  also  among  the  risk  factors  being  evaluated  to  explain  the 
high  rates  of  nasopharyngeal  cancer  in  Alaskan  natives.  A  study  of 
childhood  cancer  with  epidemiologists  at  Oxford  University  revealed  no 
association  with  varicella,  despite  previous  reports  to  the  contrary 
(118).  The  role  of  parasites,  including  malaria,  clonorchiasis,  and 
schistosomiasis  in  cancer  etiology  was  reviewed  (119). 
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Immunoepidemiology 

In  addition  to  the  evaluation  of  Immunosuppressive  drugs  and  immune 
defects  in  high-risk  families  (described  above),  various  projects  were 
undertaken  this  year  to  clarify  the  role  of  immunologic  alterations  in 
carcinogenesis.  In  collaboration  with  the  University  of  Minnesota,  a 
registry  of  cancers  occurring  in  patients  with  primary  immunodeficiency 
syndromes  has  been  maintained.  Now  totaling  291  cases,  lymphomas  continue 
to  predominate,  similar  to  the  experience  of  transplant  recipients. 
Among  the  carcinomas,  stomach  cancer  is  most  common,  especially  in  patients 
with  chronic  variable  immunodeficiency. 

An  updated  analysis  of  16,000  renal  transplant  recipients  reported 
to  the  American  College  of  Surgeons  has  revealed  a  32-fold  excess  of 
non-Hodgkin' s  lymphoma,  mainly  histiocytic  lymphoma  (about  150  times  the 
expected  rate).  The  risk  of  other  cancers  was  increased  two-fold,  but 
did  not  affect  all  tumors  across-the-board,  as  might  be  expected  by  the 
immunosurveil lance  hypothesis.  Instead,  the  excess  was  limited  to  particular 
forms  of  cancer,  including  hepatobiliary  neoplasms,  lung  adenocarcinoma, 
urinary  tract  tumors,  soft-tissue  sarcomas,  melanomas,  and  squamous  cell 
carcinomas  of  the  skin.  Although  oncogenic  viruses  may  be  involved  in 
post-transplant  lymphoma,  there  was  no  evidence  of  time-space  clustering 
or  a  higher  incidence  in  transplant  recipients  having  contact  with  lymphoma 
patients  in  the  induction  period  (120).  These  findings  do  not  exclude  a 
role  for  viruses  in  post-transplant  lymphomas,  since  malignant  transformation 
from  a  latent  viral  infection  would  not  be  reflected  in  clustering.  A 
collaborative  arrangement  has  now  been  established  with  the  End  Stage 
Renal  Disease  Program  of  the  Health  Care  Financing  Administration  to 
evaluate  cancer  risks  among  transplant  recipients  and  dialysis  patients. 

Various  disorders  with  secondary  or  acquired  immunologic  defects 
have  been  associated  with  an  excess  risk  of  cancer,  primarily  lymphomas, 
and  follow-up  surveys  are  underway  among  patients  with  sicca  syndrome, 
leprosy,  gluten-sensitive  enteropathy,  sarcoidosis,  and  other  conditions. 
Planning  was  completed  with  the  Veterans  Administration  for  studies 
relating  several  immunological  disorders  to  cancer  risk.  Nearing  completion 
is  a  follow-up  study  to  evaluate  the  fate  of  3000  former  employees  of  Ft. 
Detrick,  Maryland,  who  were  "hyperimmunized"  by  repeated  vaccination. 

Veterinary  Studies 

These  studies  are  based  mainly  on  the  NCI-supported  Veterinary 
Medical  Data  Program  operated  by  a  consortium  of  20  North  American  veterinary 
university  teaching  hospitals.  By  epidemiologic  comparisons  to  human 
cancer,  studies  in  domestic  animals  are  designed  to  clarify  risk  factors 
in  human  cancer  and  related  diseases,  uncover  animal  models  (e.g.,  breeds) 
that  may  be  useful  in  further  research,  and  identify  sentinels  that  may 
act  as  early  predictors  of  environmental  hazards.  This  year  a  study  of 
urethral  cancer  in  dogs  (121)  revealed  a  pattern  similar  to  canine  bladder 
cancer.  The  apparent  sparing  effect  in  male  dogs  was  attributed  to  the 
presence  of  resting  prostatic  secretion  in  the  urethra  between  micturitions. 
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In  another  study,  the  frequency  of  canine  bladder  cancer  from  11  U.S. 
counties  was  strongly  correlated  with  the  amount  of  industrial  activity 
in  the  same  area.  In  those  counties  a  similar  correlation  was  found  for 
human  bladder  cancer,  suggesting  that  pets  and  owners  may  be  affected  by 
the  same  bladder  carcinogens  (122).  Geographic  patterns  were  also  examined 
for  canine  heartworm  infection  (Dirofilaria  immitis)  which  prevails  in 
areas  of  the  U.S.  with  a  warm  and  wet  climate  but  is  also  now  seen  in 
northern  climates  (123). 

Hormonal  relationships  were  studied  in  dogs  with  perianal  gland 
neoplasms  (124),  and  hypothyroidism  (125).  Perianal  gland  tumors  were 
effectively  treated  by  castration  alone  and  often  associated  with  inter- 
stitial cell  tumors  of  the  testis.  Hypothyroidism  was  excessive  among 
spayed  females  compared  to  sexually  intact  female  dogs.  Review  of  the 
features  of  mammary  carcinoma  in  cats  (126)  showed  that  spayed  animals 
had  0.6  the  risk  of  sexually  intact  females,  but  other  hormonal  influences 
were  not  evident,  suggesting  that  the  cat  is  a  poor  model  for  the  human 
disease. 

Several  congenital  and  developmental  defects  in  animals  were  studied. 
There  was  a  predisposition  to  elbow  dysplasia  among  large  and  giant 
breeds  (127)  suggesting  that  rapid  growth  or  weight  are  involved  in  this 
common  syndrome.  A  study  of  hip  dysplasia  in  domestic  cats  revealed  a 
very  low  hospital  prevalence  (128).  Diaphragmatic  hernia  in  dogs  was 
found  most  often  at  the  pericardial  site  and  was  associated  with  cardiac 
defects  in  many  cases  (129).  A  predisposition  to  congenital  deafness  in 
dogs  was  identified  in  the  Dalmatian  and  six  other  breeds,  many  of  which 
are  also  prone  to  pigment  abnormalities  of  the  coat  and  eye  (130). 

Progress  in  veterinary  cancer  studies  was  reviewed  by  comparing  the 
epidemiologic  features  of  canine,  feline,  and  human  cancers  at  ten  body 
sites  (131),  and  by  a  critique  of  the  Veterinary  Medical  Data  Program 
(132). 

Methodologic  Studies 

Several  Branch  members  contributed  to  the  adaptation  and  development 
of  statistical  methods  useful  in  epidemiologic  studies.  A  text  was 
published  which  featured  a  library  of  programs  for  epidemiologic  analysis 
using  a  programmable  calculator  (133).  One  Branch  member  coordinated  an 
issue  of  Environmental  Health  Perspectives  which  consisted  of  a  series  of 
papers  on  biostatistical  methods  in  cancer  research  in  the  U.S.  and  Japan 
(134,135). 

Research  continued  on  methods  of  analysis  of  case-control  data.  A 
link  for  tests  of  hypotheses  between  the  logistic  model  and  the  more 
traditional  Mantel-Haenszel  method  was  shown  (136),  and  a  simulation 
study  suggested  that  two  proposed  approximations  to  the  exact  conditional 
likelihood  for  matched  case-control  data  can  lead  to  poor  relative  risk 
estimates  (137).  The  use  of  Miettinen's  confounder  score  was  shown  to  be 
at  times  inappropriate  or  else  may  lead  to  a  conservative  bias  in  the 
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estimated  relative  risk  (138).  Graphical  aides  were  prepared  to  illustrate 
the  relative  efficiency  gains  possible  in  estimating  relative  risks  by 
selecting  the  sample  size  of  the  control  group  two  to  five  times  larger 
than  the  case  group  (139).  A  note  was  prepared  clarifying  the  difference 
between  the  statistical  concept  of  interaction  and  the  epidemiologic 
concept  of  synergy  (140). 

Several  studies  were  conducted  on  the  statistical  analysis  of  cohort 
data.  One  report  presented  an  alternate  method  for  analysis  by  the  Cox 
proportional  hazards  failure  time  model  (141).  Reports  were  prepared 
proposing  a  simple  variance  approximation  for  the  Mantel-Haenszel  chi-square 
statistic  and  a  conversion  factor  for  obtaining  standardized  mortality 
ratios  (SMRs)  from  proportionate  mortality  studies  (142).  Regression 
methods  for  use  with  disease  rates  were  refined,  extended  and  liberalized 
(143).  Methodologic  issues  were  also  explored  with  respect  to  descriptive 
and  correlational  studies,  especially  using  the  county-by-county  mortality 
resource  (144-147). 

Work  continued  into  the  development  and  accessibility  of  the  Branch 
computer  program  library.  For  case-control  data,  SAS  pre-programmed  sub- 
routines have  been  written  to  estimate  and  test  relative  risks  and  to 
facilitate  logistic  modelling  (149,150),  with  details  of  these  programs 
presented  to  NIH  staff  via  seminars  and  individual  consultation.  For 
matched  studies  a  general  program  for  multivariate  analysis  was  developed 
based  on  an  exact  conditional  likelihood  (151).  A  guide  to  sample  size 
requirements  for  use  in  familial  studies  of  cancer  was  prepared  (152).  A 
seminar  series  for  NIH  staff  was  given  on  statistical  methodology  used  in 
genetic  and  family  studies. 

Reviews 

The  Branch  continued  to  provide  comprehensive  and  critical  reviews 
of  etiologic  factors  in  cancer.  One  staff  member  served  as  co-editor  of 
a  comprehensive  text  on  the  epidemiology  and  prevention  of  cancer  (153). 
This  year  reviews  were  prepared  on  several  cancers  including  the  lung 
(154-156),  pancreas  (157),  biliary  tract  (158),  multiple  myeloma  (101,102), 
non-Hodgkin' s  lymphoma  (103,104),  soft-tissue  sarcomas  (159),  and  bone 
cancer  (160).  The  epidemiologic  evidence  for  environmental  carcinogenesis 
(151),  genetic  susceptibility  (162),  and  multi-stage  mechanisms  (163)  was 
reviewed.  Several  environmental  hazards  were  considered  in  detail, 
including  ionizing  radiation  (49-56),  occupational  exposures  (24),  hormones 
and  other  drugs  (62-66),  parasites  (119),  and  food  additives  (78). 

OTHER  ACTIVITIES 

The  Branch  continued  to  provide  a  liaison  for  epidemiologic  research 
in  the  National  Cancer  Program  and  for  environmental  cancer  studies  being 
conducted  in  various  agencies  in  the  federal  government.  A  great  deal  of 
advice  and  support  is  given  to  clinicians,  experimentalists,  and  public 
health  officials.  Members  serve  on  the  editorial  board  of  various  journals 
and  on  advisory  groups  and  committees  connected  with  cancer  centers, 
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several  federal  and  state  agencies,  and  other  national  and  international 
activities.  Several  meetings  and  projects  this  year  were  related  to 
bi-national  agreements  with  the  Soviet  Union,  Japan,  Italy,  and  the 
People's  Republic  of  China.  At  times  the  Branch  became  embroiled  in 
controversial  issues  and  debates  (e.g.,  fluoridation  and  cancer,  low-level 
radiation,  occupational  hazards,  artificial  sweeteners)  and  in  policies 
and  regulations  that  pose  obstacles  to  epidemiologic  research. 

Special  efforts  were  made  this  year  to  identify  and  utilize  epidemiologic 
resources  best  available  at  the  national  level.  Initiatives  were  taken 
to  stimulate  cooperative  arrangements  with  several  government  agencies  in 
charge  of  routinely  collected  data  resources  that  can  be  utilized  for 
epidemiologic  studies  (e.g.,  Social  Security  Administration).  Another 
important  activity  of  the  Branch  is  the  on-the-job  training  of  staff  at 
the  post-doctoral  level,  the  supervision  of  elective  periods  for  medical 
students,  field  research  opportunities  for  doctoral  candidates  at  schools 
of  public  health,  and  the  assignment  of  visiting  scientists  with  limited 
experience  in  epidemiology.  Although  the  Branch  encourages  an  atmosphere 
of  academic  freedom  in  the  development  of  new  ideas  and  approaches,  these 
are  met  with  criticial  review  and  evaluation  through  several  mechanisms-- 
frequent  section  and  Branch  meetings,  close  contacts  with  support  service 
and  collaborating  groups,  various  formal  review  mechanisms,  several 
working  groups  (e.g.,  data  resources,  radiation  studies,  family  studies, 
drug  studies),  interagency  committees,  the  Clinical  Center  review  committee 
involving  clinical  investigations,  careful  scrutiny  of  questionnaires  and 
their  clearance  through  governmental  channels,  ad  hoc  external  review 
groups  for  major  studies  (e.g.,  national  bladder  cancer  project),  an  NIH 
coordinating  epidemiology  committee,  and  a  variety  of  committees  that 
oversee  Institute  activities,  including  the  Board  of  Scientific  Counselors 
of  the  Division  of  Cancer  Cause  and  Prevention. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  objective  of  this  study  is  to  examine  the  cancer  mortality  experience 
in  the  United  States  relative  to  cancer  etiology.  Special  emphasis  is  placed 
upon  the  selection  of  areas  in  the  U.S.  for  intensive  study.  Publications 
from  this  area  of  interest  have  facilitated  the  design  of  ongoing  analytical 
investigation  to  test  specific  etiologic  hypotheses.  Possible  prenatal 
origins  of  childhood  cancer  are  being  investigated  by  focusing  on  potential 
exposures  real i zed  by  the  pregnant  mother.  The  rising  rates  of  myeloma  in 
blacks  suggest  genetic  and  environmental  factors  that  need  to  be  tested  in 
analytic  epidemiologic  studies.  Analysis  of  non-Hodgkin's  lymphoma  at  the 
county  level  for  1950-1975  detected  associations  with  higher  social  class  and 
also  large  percentages  of  residents  of  Russian  and  Greek  descent.  Changes  in 
age- specific  rates  for  breast  cancer  appear  related  to  the  changing  patterns 
of  childbearing  among  young  adult  women  of  the  first  two-thirds  of  this 
century.  Analyses  of  changing  patterns  in  the  rates  of  thyroid  cancer  in 
Connecticut  detected  findings  consistent  with  the  use  of  radiation  therapy 
from  the  early  1920's  to  the  late  1950' s. 
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Objectives:  To  examine  the  cancer  mortality  experience  in  the  United 
States  relative  to  cancer  etiology.  Special  emphasis  is  placed  upon  the 
selection  of  areas  in  the  U.S.  for  intensive  study. 

Methods  Employed:  This  project  involves  computer  analysis  of  over  6 
million  death  certificates  by  site,  sex,  race,  state,  and  age.  The 
investigation  is  ongoing,  updated  year  by  year,  and  expanding.  Data  for 
all  causes  of  death  are  utilized  from  1968. 

Major  Findings:  The  geographic  patterns  of  childhood  cancer  mortality 
are  being  analyzed  at  the  county  level  utilizing  data  from  the  county 
mortality  system,  1950-69  and  the  U.S.  Childhood  Cancer  Mortality  Registry 
1950-69.  To  evaluate  the  relationship  between  transplacental  carcinogenesis 
and  teratogenesis,  county  level  data  on  fetal  deaths  and  neonatal  deaths, 
1966-75,  and  deaths  due  to  congenital  defects,  1965-71,  are  being  reviewed 
relative  to  childhood  cancer  mortality  data.  Analyses  to  date  support 
the  feasibility  of  this  approach.  Possible  prenatal  origins  of  childhood 
cancer  are  being  investigated  by  focusing  on  potential  exposures  realized 
by  the  pregnant  mother.  Cancer  mortality  rates  and  rates  for  fetal  death 
and  congenital  defects  are  being  examined  for  geographic-specific  birth 
cohorts  in  New  Jersey.  To  explain  the  geographic  variation  of  early 
childhood  cancers  among  children  born  in  New  Jersey,  correlation  analyses 
are  being  conducted  linking  available  environmental  and  demographic  data. 

In  an  attempt  to  evaluate  changing  rates  for  multiple  myeloma,  we  calculated 
age-adjusted  mortality  rates  from  1950  through  1975.  The  male- to-female 
ratios  for  both  races  have  remained  stable  over  the  25-year  period,  but 
the  contribution  of  blacks  to  the  total  rate  has  increased  from  54.3  to 
65.1  per  cent.  Similar  trends  were  seen  when  the  mortality  rates  in  each 
race-sex  group  were  analyzed  by  geographic  region  and  by  areas  defined  in 
terms  of  urbanization  and  socioeconomic  level.  This  observation  argues 
against  the  idea  that  the  vagaries  of  case  ascertainment  or  manner  of 
diagnosis  are  the  sole  explanation  for  the  changing  pattern.  The  rising 
rates  of  myeloma  in  blacks  suggest  genetic  and  environmental  factors  that 
need  to  be  tested  in  analytic  epidemiologic  studies. 

Age-adjusted  mortality  rates  for  non-Hodgkin's  lymphoma  in  counties  of 
the  contiguous  United  States  were  examined  by  age  and  race  during  1950-75 
and  were  correlated  through  1969  with  demographic  and  industrial  data. 
Mortality  was  consistently  elevated  in  counties  with  large  populations, 
and  especially  in  those  with  higher  income  and  education  levels.  Among 
males,  but  not  females,  elevated  rates  appeared  in  counties  with  high 
percentages  of  residents  of  Russian  or  Greek  descent.  A  series  of  contiguous 
counties  with  high  rates  was  seen  along  the  coast  of  California.  Lower 
rates  in  the  South  were  explained  in  a  multivariate  analysis  by  the 
generally  lower  socioeconomic  levels  in  this  region.  Counties  with 
industrial  concentration  in  food  packing  showed  higher  mortality  rates 
among  males  than  comparable  counties  without  these  industries.  All 
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regions  and  all  sex/race  groups  showed  an  increase  over  time  in  mortality 
from  non-Hodgkin' s  lymphoma,  especially  reticulum  cell  sarcoma. 

Although  overall  mortality  from  breast  cancer  has  changed  little  over 
time  in  the  United  States,  age-specific  rates  showed  distinctive  patterns 
during  1950-75,  with  declines  among  premenopausal  women,  a  rise  then  fall 
among  perimenopausal  women,  and  rates  among  postmenopausal  women  are 
first  level  and  then  increase  with  age.  The  trends  appear  related  to  the 
changing  patterns  of  childbearing  among  young  adult  women  over  the  first 
two- thirds  of  this  century.  The  national  mortality  and  birth  data  presented 
are  consistent  with  existing  analytic  evidence  of  a  protective  influence 
upon  breast  cancer  of  early  first  birth  and  suggest  that  the  protection 
may  be  expressed  at  all  ages  above  30. 

Incidence  data  from  the  Connecticut  Tumor  Registry  for  the  years  1935-75 
were  examined  for  changing  patterns  in  the  rates  of  thyroid  cancer  and 
its  four  major  cell  types.  Both  males  and  females  exhibited  a  5-fold 
increase  in  age-adjusted  thyroid  cancer  rates  over  the  41  years,  with  a 
nearly  constant  female:male  ratio  of  3:1.   Papillary  and  follicular 
carcinomas  were  the  cell  types  responsible  for  the  upward  trend.  Birth 
cohort  analysis  revealed  cohort  effects,  especially  for  females  with 
papillary  carcinoma.  Age-specific  incidence  curves  for  the  cohorts  born 
after  1910  showed  progressive  increases  in  slope  until  the  1960  cohort, 
when  the  slope  decreased.  This  accords  well  with  the  widespread  use  of 
radiation  therapy  for  benign  conditions  of  the  head  and  neck  among  children 
and  adolescents  from  the  early  1920' s  to  the  late  1950' s.  Fitting  a 
logistic  model  to  these  data  produced  relative  risks  for  successive  birth 
cohorts  which  were  consistent  with  the  effects  of  radiation  exposures. 

Clues  to  the  origins  of  cancer  are  often  derived  from  its  geographic 
patterns.  A  recent  review  documents  the  approach  to  United  States  county 
mortality  data  which  were  used  in  a  stepwise  fashion  to  generate  hypotheses 
concerning  the  etiology  of  lung  cancer.  Descriptions  are  given  as  to  how 
the  leads  produced  by  these  data  are  being  tested  through  analytic  epidemio- 
logic studies  in  areas  of  the  country  where  lung  cancer  rates  are  high. 
Emphasis  is  given  to  the  associations  uncovered  with  the  shipbuilding 
industry. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
This  survey  provides  a  continually  expanding  data  set  which  has  generated 
specific  etiologic  hypotheses  concerning  cancer.  The  capability  of  sub- 
dividing the  data  set  into  specific  racial  and  geographic  subsets,  e.g., 
county  level  analyses,  provides  an  opportunity  to  also  test  specific 
etiologic  hypotheses. 

Proposed  Course  of  Project:  The  project  will  continue  to  pursue  etiologic 
questions,  and  specifically  will  address  the  dynamic  changes  of  rates  for 
malignancy  as  a  function  of  calendar  time  and  geography. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  this  project  is  to  identify  and  study  populations  with  altered 
immunologic  states  experiencing  unusual  rates  of  malignancy.  Risks  of  cancer 
of  different  sites  are  quantified  for  various  groups  of  such  patients,  compared 
with  each  other,  and  characteristics  and  possible  determinants  of  unusual  risks 
are  sought.  The  populations  studied  include  renal  transplant  recipients, 
patients  with  inherited  and  acquired  immune  deficiency  syndromes,  groups  of 
immunostimulated  persons  (e.g.,  hyperimmunized,  autoimmune  syndromes)  and 
patients  experiencing  conditions  for  which  sequelae  related  to  immunity  are 
suspect  but  unknown  (e.g.,  splenectomy  patients).  Both  cohort  studies  of  these 
groups  of  patients  and  case-control  studies  of  such  patients  who  also  developed 
cancer  are  being  conducted. 
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(7)  A  follow-up  study  of  patients  with  Hansen's  disease,  previously 
conducted  by  the  Branch,  is  currently  being  updated.  The  clinical  records 
of  approximately  1500  patients  with  Hansen's  disease  hospitalized  at  one 
institution  from  1930  onward  have  been  abstracted,  and  the  followup  of 
this  group  for  mortality  and  for  cancer  incidence  is  nearing  completion. 

(8)  Work  has  commenced  on  the  creation  of  longitudinal  medical  histories 
for  all  persons  admitted  to  Veteran's  Administration  Hospitals  since  the 
mid  1950's.  This  project  is  in  its  early  stages,  i.e.,  systems  design 
analysis  and  verification  of  the  completeness  of  information.  This 
resource  will  provide  an  ever-expanding  data  base  to  be  used  for  analytical 
studies  on  persons  whose  exposure  and/or  outcome  diagnoses  as  well  as 
procedures  are  of  specific  interest. 

Major  Findings:  (1)  An  extensive  set  of  analyses  has  revealed  no  evidence 
of  clustering  in  time  of  lymphomas  in  transplant  recipients  within  particular 
transplant  centers,  or  any  evidence  of  an  especially  high  risk  among 
those  recipients  potentially  exposed  to  other  recipients  who  went  on  to 
develop  lymphoma.  These  findings  seem  to  make  horizontal  transmission  of 
an  oncogenic  virus  an  unlikely  explanation  for  the  excess  lymphoma  risk 
in  transplant  recipients. 

(2)  Transplant  recipients  also  have  an  excess  risk  of  non-melanotic  skin 
cancer.  This  excess  is  restricted  to  squamous  cell  lesions,  and  there  is 
no  excess  of  basal  cell  cancer.  The  excess  increases  with  increasing 
interval  from  transplant  and  occurs  in  both  high-  and  low-risk  areas  for 
skin  cancer.  No  association  with  any  particular  underlying  renal  disorder 
was  evident,  nor  was  there  any  significant  relationship  with  any  characteristic 
of  donor  or  recipient  on  which  information  was  available.  There  was, 
however,  a  suggestion  that  the  attributable  risk  of  squamous  cell  skin 
cancer  was  greater  in  the  southern  U.S.  than  in  the  northern  states  and 

in  Canada,  suggesting  that  there  may  be  a  multiplicative  interaction  with 
ultra-violet  radiation. 

(3)  Persons  with  genetically  determined  immunodeficiency  syndromes  have 
a  high  risk  of  lymphomas,  similar  to  that  among  transplant  recipients. 
These  patients  also  appear  to  be  at  high-risk  of  Hodgkin's  disease,  and 
lymphatic  leukemia  in  children.  In  addition,  they  also  have  elevated 
risks  of  soft  tissue  sarcomas,  malignant  melanomas,  and  stomach  cancer 
(adults).  Among  children  with  non-Hodgkin's  lymphoma  in  this  population, 
surface  marker  characteristics  indicate  that  these  are  primarily  B-like 
phenotype,  in  distinction  to  the  predominately  "null"  or  T-phenotype  of 
unselected  children  with  non-Hodgkin's  lymphoma.  In  an  extensive  study 
of  Wiskott-Aldrich  syndrome  by  the  meticulous  documentation  of  tumor 
occurrence  in  affected  kindreds,  the  life- time  attack  rate  for  cancer  in 
affected  patients  appears  to  be  approximately  15%  (the  median  survival  of 
children  with  this  condition  for  the  time  period  studied  is  around  six 
years). 
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Project  Description 

Objectives:  (1)  To  identify  and  study  populations  with  altered  immunologic 
states  experiencing  unusual  rates  of  malignancy.  (2)  To  study  these 
populations  in  order  to  identify  the  characteristics  and  possible  determinants 
of  any  unusual  risk. 

Studies  and  Methods  Employed:  (1)  Further  analyses  concerning  16,000 
patients  who  received  renal  transplants.  The  numbers  of  cancer  observed 
among  various  subgroups  of  this  population  were  compared  to  that  expected 
based  on  cancer  incidence  rates  prevailing  in  the  general  population. 
These  analyses  included  evaluation  of  the  risk  of  skin  cancer  in  this 
population  and  a  search  for  unusual  space-time  clustering  of  lymphomas. 

(2)  A  collaborative  arrangement  has  been  established  with  the  End-Stage 
Renal  Disease  Program  of  HCFA  to  evaluate  cancer  risks  among  transplant 
recipients  and  patients  on  dialysis.  A  computer  tape  has  been  received 
covering  94,000  individuals  of  whom  more  than  5,000  are  transplant  patients. 
Preliminary  analyses  have  been  carried  out,  but  a  final  and  detailed 
analysis  must  await  the  reception  of  a  record  data  tape  from  HCFA  and 
certain  manual  searches  of  material  held  by  the  Renal  Disease  Program. 

(3)  The  collaboration  with  the  University  of  Minnesota,  through  the 
contract  mechanism  (NGl-CP-43384) ,  continues.  In  the  past  year,  a  number 
of  separate  analyses  have  been  done  in  an  attempt  to  characterize  the 
risk  of  cancer  among  patients  with  genetically-determined  immunodeficiency 
diseases. 

(4)  The  follow-up  study  of  the  malignancy,  mortality,  and  reproductive 
experiences  of  3,000  former  employees  of  Ft.  Detrick  in  Frederick,  MD, 
continued.  A  large  proportion  of  these  workers  fall  into  a  group  which 
would  be  considered  "hyperimmunized. "  Extensive  attempts  to  track  down 
the  vital  status  and  the  current  address  for  those  living  have  been 
performed  for  those  individuals  who  were  not  readily  contacted  based  on 
the  information  from  the  Fort  itself.  The  persons  who  are  still  alive 
have  been  sent  a  questionnaire,  and  those  who  did  not  respond  to  the 

first  questionnaire  have  been  recontacted  in  order  to  elicit  their  cooperation. 
At  this  time  vital  status  has  been  determined  on  all  but  500  persons. 

(5)  A  follow-up  study  of  malignancy  and  mortality  of  patients  with 
Sjogren's  Syndrome  has  been  continued.   This  is  an  autoimmune  disease 
associated  with  a  profound  degree  of  immunostimulation  and  a  minor  degree 
of  immunosuppression.  Mortality  and  risks  of  various  malignancies  are 
being  compared  among  various  subgroups  of  this  population,  as  well  as 
with  the  experience  of  the  general  population. 

(5)  A  study  of  the  clinical  and  histological  characteristics  of  malignant 
melanoma  arising  in  transplant  recipients  has  been  conducted. 
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(4)  As  a  preliminary  assessment  of  the  relationship  between  the  immuno- 
suppressed  state  of  renal  allograft  transplantation  and  the  development 
of  malignant  melanoma,  a  case  series  has  been  assembled  which  now  includes 
all  of  the  known  cases  worldwide  (n=15).  A  questionnaire  has  been  completed 
on  each  case  by  the  referring  physician,  and  pathology  material  from  all 
the  cases  has  been  reviewed.  Preliminary  assessment  of  the  pathology 
indicates  that  at  least  some  of  these  patients  developed  their  melanomas 
in,  or  had  elsewhere  on  their  skin,  dysplastic  nevi  of  the  type  first 
recognized  in  hereditary  melanoma.  These  patients  also  tended  to  have 
fewer  than  the  usual  number  of  rejection  episodes,  suggesting  that  their 
degree  of  immunosuppression  may  have  been  more  profound  than  is  typically 
the  case.  Cases  tended  to  have  the  fair-complexioned,  light  haired, 
light  eyed  phenotype  that  is  considered  prototypic  for  the  person  at 
increased  risk  of  melanoma.  No  associations  with  other  medical  conditions 
or  family  history  of  cancer  were  observed.  The  data  thus  far  suggest 
that  at  least  a  portion  of  these  cases  developed  melanoma  in  the  setting 
of  precursor  nevi,  raising  the  possibility  that  immunosuppression  may 
enhance  the  transition  of  these  lesions  from  the  pre-neoplastic  to  the 
neoplastic  state. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Host  factors  are  clearly  a  major  determinant  of  the  response  of  humans  to 
environmental  carcinogenic  exposures.  One  of  the  components  of  these 
factors  is  the  immune  status  of  the  individuals  involved.  Much  laboratory 
research  has  indicated  a  central  role  for  the  immune  system  in  determining 
who  develops  a  malignancy  among  those  exposed  to  a  carcinogenic  agent. 
The  presence  of  a  number  of  identifiable  groups  with  markedly  altered 
immune  states  allows  an  assessment  of  these  factors  in  the  production  of 
human  malignancy.  In  addition,  such  human  observations  have  already 
uncovered  major  associations  which  have  altered  some  preconceived  notions 
of  the  relationship  between  the  immune  system  and  cancer. 

Proposed  Course:  (1)  The  registry  of  patients  with  end-stage  renal  disease 
will  be  utilized  to  continue  and  expand  our  studies  of  patients  receiving 
immunosuppressive  drugs  for  these  conditions.  This  recourse  should  also 
allow  the  assessment  of  the  risk  of  malignancy  among  patients  with  chronic 
uremia,  and  the  immunosuppressive  condition  itself. 

(2)  The  collaboration  with  the  immunodeficiency  and  cancer  registry  will 
continue  with  periodic  evaluation  of  the  data  collected.  A  case-control 
study  will  be  implemented  in  the  next  year  to  assess  the  severity  of 
immunosuppression  and  immunostimulation  in  children  with  these  genetic 
states  and  cancer,  compared  to  those  with  similar  genetic  conditions  who 
did  not  develop  a  malignancy. 

(3)  Attempts  will  be  made  to  conduct  a  case-control  study  of  the  differences 
in  tissue-typing  information  for  those  kidney  transplant  recipients  who 

have  gone  on  to  develop  malignancy  versus  those  in  whom  a  malignancy  has 
not  developed. 
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(4)  Continuing  efforts  will  be  made  to  followup  the  hyperimmunized  group 
from  Ft.  Detrick,  MD,   and  mortality  analysis  of  this  group  will  be 
conducted. 

(5)  The  population  identified  with  Hansen's  disease  will  be  followed  up, 
and  mortality  and  cancer  incidence  analyses  will  be  performed. 

(6)  Large  groups  of  patients  with  a  variety  of  diseases  involving  altered 
immunologic  states  will  be  identified  in  the  VA  hospitalization  file  and 
followed  for  subsequent  morbidity  and  mortality  due  to  cancer. 

(7)  Attempts  will  be  made  to  identify  population  groups,  other  than 
those  receiving  renal  transplants,  who  received  substantial  amounts  of 
immunosuppressive  therapy.  If  appropriate,  attempts  will  be  made  to 
establish  cancer  morbidity  and  mortality  studies  in  these  groups. 

Publications 

Kinlen,  L.J.  and  Hoover,  R. :  Lymphomas  in  transplant  recipients:  A 
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Filipovich,  A.H.,  Spector,  B.D.,  and  Kersey,  J.:  Immunodeficiency  in 
humans  as  a  risk  factor  in  the  development  of  malignancy.  Prev.  Med. 
9:252-259,  1980. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  this  project  is  to  conduct  and  coordinate  interdisciplinary 
studies  on  cancer-prone  families  in  order  to  clarify  the  role  of  genetic 
mechanisms  and  host-environmental  interactions  in  carcinogenesis.  Clinical 
studies  of  high-risk  families  have  suggested  etiologic  relationships  between 
cancers,  constellations  of  which  may  cluster  in  individuals  (multiple  primary 
neoplasms)  or  may  be  scattered  over  the  family  tree  (familial  neoplastic 
syndromes).  Discovery  of  laboratory  test  abnormalities  in  certain  cancer- 
prone  families,  such  as  subclinical  immune  dysfunction  in  family  members  pre- 
disposed to  lymphoma,  melanoma,  and  some  gastrointestinal  malignancies, 
immunogenetic  determinants  in  acute  leukemia,  Hodgkin's  disease,  and 
Waldenstrom  s  macroglobulinemia,  DNA  repair  defects  in  leukemia  and  other 
familial  neoplasm  syndromes,  metabolic  defects  in  bladder  cancer-prone 
families,  and  clinically  apparent  premalignant  conditions  in  individuals 
prone  to  colon  cancer  and  melanoma,  have  provided  insights  into  the  mechanisms 
of  susceptibility  to  cancer. 
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Project  Description 

Objectives:  To  document  the  occurrence  of  cancer  in  high-risk  families,  and 
to  study  such  families  by  clinical,  epidemiologic,  and  laboratory  investiga- 
tions, in  an  effort  to  elucidate  genetic  mechanisms  and  host-environmental 
interactions  contributing  to  carcinogenesis.  To  coordinate  the  distribution 
of  tissue  and  blood  specimens  from  such  families  to  interested  investigators 
for  etiologic  studies  by  cytogenetic,  immunologic,  viral,  endocrine,  bio- 
chemical, tissue  culture,  and  other  methods.  To  apply  innovative  analytic 
approaches  to  these  studies,  including  statistical  genetic  approaches. 

Methods  Employed:  Interview  of  cancer  patients  with  respect  to  prior  medical, 
occupational  and  environmental  history  and  family  occurrence  of  cancer  and 
other  disorders;  documentation  of  history  by  appropriate  vital  records,  hos- 
pital charts,  and  review  of  pathology  specimens;  entry  of  information  into 
on-line  computer  for  comparative  study;  collection  of  biological  specimens 
from  members  of  high-risk  families,  and  transmittal  to  appropriate  labora- 
tories for  study;  application  of  computerized  genetic  analytic  approaches, 
including  LIPED  and  GENPED  programs. 

Major  Findings:  During  the  last  year,  approximately  200  new  families  were 
ascertained,  bringing  the  total  to  over  1,000.  This  reflects  the  continued 
ascertainment  of  new  families  with  familial  melanoma,  Hodgkin's  and  non- 
Hodgkin's  lymphoma,  multiple  myeloma,  renal  cell  cancer,  and  diverse  forms 
of  malignancy.  In  addition,  formal  arrangements  with  the  Office  of  Cancer 
Communications  and  with  the  Deputy  Clinical  Director  of  NCI  have  continued 
to  help  channel  outside  inquiries  to  the  Family  Studies  Unit. 

The  integrated  manual  and  computerized  record  keeping  system  developed  and 
refined  over  the  past  five  years  has  worked  efficiently  in  accommodating 
this  continued  load.  Investigators  inside  and  outside  of  NIH  have  used  our 
approach  for  family  data  organization  in  their  own  newly-established  Family 
Studies  programs.  A  sophisticated  Family  Studies  questionnaire  has  been 
developed  to  enhance  data  collection  and  computer  data  entry.  A  computer- 
ized system  for  automating  routine  death  certificates,  hospital  records, 
and  pathology  requests  is  under  development  to  help  streamline  the  data 
collection  process.  To  date,  information  on  11,885  members  of  300  families 
has  been  entered  into  the  computer.  Data  entry  on  the  remaining  families 
will  proceed. 

In  addition,  during  the  last  year,  approximately  10,000  medical  diagnoses  were 
abstracted  and  coded  using  ICD-9  CM  for  non-malignant  and  ICD-0  for  malignant 
diagnoses;  and  a  method  for  translating  these  diagnoses  from  code  back  into 
English  has  been  implemented.  This  master  clinical  index  has  been  integrated 
with  computerized  laboratory  and  specimen  files,  thus  simplifying  record 
keeping  functions  and  improving  opportunities  for  computer-based  analytic 
studies.  A  manuscript  describing  this  system  is  in  preparation. 
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Long-term  follow-up  continues  to  provide  fruitful  new  insights  into  the 
etiologic  determinants  of  familial  cancer.  A  family  whose  complex  history 
of  adult  and  childhood  cancers  of  diverse  types,  previously  reported, 
continues  to  be  followed.  A  second  primary  osteosarcoma  which  developed 
in  the  field  of  prior  radiotherapy  for  bilateral  malignant  neurolemmomas 
in  one  patient  has  been  successfully  tissue  cultured,  and  in-depth  cytogenetic 
studies  have  been  performed  for  comparison  with  tumor  karyotypes  of  other 
family  members.  Gamma  DNA  repair  studies  performed  on  skin  fibroblasts  from 
this  patient  and  other  family  members  were  normal.  The  ongoing  evaluation 
of  35  families  with  a  similar  pattern  of  sarcomas,  leukemias,  brain  tumors 
and  breast  carcinomas  continues,  with  plans  for  completion  of  family  updates 
of  clinical  status,  tumor  documentation,  NIH  pathology  slide  review,  and 
computerized  genetic  analysis. 

Follow-up  of  a  cohort  of  17  ovarian  cancer-prone  families,  including  7 
previously  reported,  is  underway  with  special  emphasis  on  review  of  pathology 
material  aimed  at  clarifying  a  previously-reported  preneoplastic  lesion  in  the 
ovaries  of  high-risk  family  members.  An  integral  part  of  this  evaluation  will 
include  attempts  at  formal  genetic  counseling  based  on  results  of  computer- 
ized genetic  analytic  and  linkage  studies. 

A  major  focus  of  the  Family  Studies  program  has  been  the  continued  evaluation 
of  hereditary  cutaneous  melanoma  and  the  B-K  mole  syndrome,  first  described 
by  Branch  professionals  in  1978.  This  large,  ongoing  study  of  melanoma 
etiology  utilizes  a  registry  of  nearly  70  melanoma-prone  families.  Publi- 
cations have  detailed  immunologic  abnormalities  in  high-risk  families,  reviewed 
the  literature  on  familial  cutaneous  and  intraocular  melanoma,  characterized^ 
the  association  between  pigmented  cutaneous  lesions  and  melanoma  risk,  described 
the  occurrence  of  precursor  nevus  syndromes  in  patients  with  sporadic  melanoma, 
and  reported  the  first  non-surgical  therapeutic  approach  to  patients  with 
large  atypical  nevus  syndromes.  New  data  collection  continued  with  the 
examination  of  350  members  of  13  melanoma-prone  families,  their  classifica- 
tion with  reference  to  the  presence  of  the  B-K  mole  syndrome,  and  biological 
specimen  collection  for  additional  laboratory  studies.  Utilizing  the  Family 
Studies  computer  system,  formal  segregation  analysis  is  now  under  way  to 
document  the  mode  of  inheritance  of  the  precursor  nevus  syndrome.  It  will 
be  followed  by  a  linkage  analysis  using  an  extensive  genetic  marker  panel 
(red  cell  phenotype,  red  cell  enzymes,  serum  proteins,  HLA  type)  to  further 
clarify  the  mechanism  of  inheritance  and  search  for  possible  chromosome 
assignment  of  the  B-K  mole  gene.  Analysis  of  the  clinical  data  has  corrob- 
orated the  young  age  at  tumor  development  in  these  families,  the  very  strong 
tendency  to  multiple  primary  melanomas,  the  difficulty  in  diagnosing  pre- 
cursor nevi  in  pre-adolescent  children,  the  scalp  as  an  important  site  of 
melanoma  development,  the  more  favorable  survival  experience  of  female  cases, 
and  the  feasibility  of  detecting  early  melanomas  in  high-risk  family  members 
at  a  time  when  their  cancer  is  surgically  curable.  Additional  studies 
currently  underway  include  dermatoglyphic  analysis  of  the  clinical  series, 
continued  assessment  of  in  vitro  immune  function,  a  variety  of  serologic 
studies  of  melanoma  antibodies,  assessment  of  DNA  repair  capabilities 
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following  exposure  to  ultraviolet  radiation  and  chemical  carcinogens,  viral 
studies,  and  evaluation  of  a  variety  of  biochemical  "tumor  markers"  (e.g., 
CEA,  AFP,  HCG,  EBV).   Evaluation  has  also  begun  of  two  families  prone  to 
both  melanoma  and  breast  cancer,  and  two  families  affected  by  both  cutaneous 
and  intraocular  melanoma.  Under  a  contract  with  Dr.  Wallace  Clark  of  the 
University  of  Pennsylvania,  the  ultrastructure  of  dysplastic  nevi  is  being 
studied.  Preliminary  data  suggest  that,  at  the  ultrastructural  level, 
dysplastic  melanocytes  found  in  precursor  nevi  are  morphologically  identical 
to  malignant  melanocytes  from  fully  developed  melanoma,  further  confirming 
the  pre-neoplastic  nature  of  dysplastic  nevi.  A  set  of  educational  materials 
for  members  of  melanoma-prone  families  and  their  physicians  is  being  developed, 
and  the  methods  of  effective  patient  teaching  and  the  application  of  these 
methods  in  the  area  of  cancer  prevention  are  also  being  studied. 

Immunologic  parameters  have  been  evaluated  in  families  susceptible  to  a 
variety  of  lymphoreticular  neoplasms. 

Probands  from  13  families  prone  to  Hodgkin's  disease  (HD)  were  HLA  typed, 
and  a  recent  publication  documented  an  excess  of  the  HLA  antigen  Bw-35 
in  these  individuals  compared  to  normal  laboratory  controls.  In  followup 
of  this  observation,  in-depth  evaluation  of  six  families  in  which  two  or 
more  Hodgkin's  disease  patients  had  survived  were  selected  for  detailed  study 
of  the  major  histocompatibility  complex  (MHC)  and  in  vitro  immune  function. 
Preliminary  analysis  of  these  data  reveal  that  two  typing  sera  identify  what 
appear  to  be  a  new  genetic  marker  in  these  families,  "Hodgkin's  disease 
related  reactivity"  (HRR).  This  serotype  segregates  independently  of  known 
HLA-A,  -B,  -C,  and  -Dr  phenotypes,  suggesting  a  new  locus  within  the  MHC. 
When  pedigree  data  were  informative,  all  HD  cases  were  homozygous  for  the 
HRR  trait.  Homozygosity  for  this  trait  may  play  a  role  in  host  susceptibi- 
lity to  HD.  Additional  studies  are  now  under  way  utilizing  special  HLA 
typing  sera  developed  from  the  mothers  and  parous  wives  of  familial  HD  cases, 
to  explore  the  relationship  between  the  MHC  and  immune  function  in  these 
families.  An  assessment  of  EBV  serologic  markers  and  Gm  allotype  is  also 
in  progress.  A  similar  approach  is  being  employed  in  the  assessment  of 
families  prone  to  non-Hodgkin' s  lymphoma,  multiple  myeloma,  and  chronic 
lymphocytic  leukemia.  In  addition,  more  sophisticated  immunologic  approaches, 
including  the  application  of  mono-specific  antibodies  against  lymphocyte 
populations  using  cell-sorter  analysis,  immune  response  kinetics,  and 
regulatory  cell  function  assays,  are  planned. 

An  unusual  family  with  Waldenstrom's  macroglobulinemia  in  a  father  and 
three  of  his  four  children  and  autoimmune  disease  in  numerous  other  family 
members  appears  to  represent  an  instance  where  a  defective  immune  response 
gene,  linked  to  the  major  histocompatibility  locus  (Lod-score  4.86  strongly 
supports  linkage),  predisposes  to  lymphoproliferation  and  autoimmunity. 
Further  studies  of  regulatory  cell  function  are  under  way  to  evaluate  this 
association. 

Families  prone  to  chronic  lymphocytic  leukemia,  including  one  with  several 
members  having  unexplained  lymphocytosis,  are  being  evaluated  to  charac- 
terize lymphocytic  cell  surface  markers.  As  part  of  this  study,  hybridoma 
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technology  will  be  applied  to  the  development  of  anti-idiotype  reagents  to 
test  for  clone-specific  cell  surface  antibodies  in  familial  cases. 

A  previously-reported  family  prone  to  acute  lymphoblastic  leukemia  because 
of  a  homozygously  inherited  B-cell  alloantigen  (possibly  analogous  to  the 
HRR  marker)  has  been  further  studied  to  better  characterize  this  immuno- 
genetic  factor  in  an  extended  pedigree.   In  addition,  bone  marrow  co-culture 
from  the  surviving  sib  with  recurrent  leukemia  has  demonstrated  the  presence 
of  a  C-type  RNA  tumor  virus  with  unique  characteristics.  Since  an  animal 
leukemia  model  predicts  the  possibility  of  host  susceptibility  to  an  onco- 
genic virus,  this  isolation,  if  confirmed,  may  have  etiologic  significance. 

In  a  recent  report,  a  relationship  between  an  inborn  cytogenetic  abnormality 
(familial  13:18  translocation)  and  risk  for  cancer  is  suggested  by  the 
occurrence  of  acute  leukemia  and  stomach  cancer  in  carriers  of  this  marker 
chromosome.   Infertility  in  all  males  and  some  females  and  ovarian  cysts 
and  teratomas  suggest  that  this  heritable  abnormality  also  affects  gonadal 
function. 

In  collaboration  with  the  Department  of  Pediatric  Hematology  at  the 
University  of  Illinois  in  Chicago,  a  kindred  with  two  sibs  and  a  niece 
affected  by  Ph-1  negative  CML  has  been  studied.  All  three  patients  devel- 
oped CML  during  the  first  year  of  life.  A  cousin  and  the  father  of  the 
proband  were  found  to  have  unexplained  splenomegaly  during  the  clinical 
evaluation.  Bone  marrows  in  both  patients  were  not  diagnostic  of  any 
myeloproliferative  disorder.  Dysmorphic  features  were  not  found  in  this 
family,  nor  were  cutaneous  xanthomata  detected.  An  extensive  laboratory 
evaluation  has  been  undertaken,  including  genetic  markers,  immune  function, 
and  assays  of  myeloid  colony  forming.  The  results  of  the  laboratory  phase 
of  this  project  are  not  yet  available. 

A  publication  summarized  new  epidemiologic  observations  in  mycosis  fungoides 
(MF),  the  cutaneous  T-cell  lymphoma.  These  data  were  derived  from  the 
EEB  cancer  mortality  by  county  resource,  and  a  large,  multi- institution 
collaborative  clinical  trial  of  MF.  Plans  are  now  underway  to  pursue  some 
of  the  new  etiologic  hypotheses  (occupation,  allergy,  sun  sensitivity, 
toxic  exposures,  family  history)  in  a  case-control  study  to  be  done  at  the 
Skin  and  Cancer  Hospital  of  Temple  University  in  Philadelphia,  in  collab- 
oration with  Dr.  Eugene  Van  Scott.  An  effort  to  clarify  the  nature  of 
the  lymphoproliferative  cancers  reported  in  close  relatives  by  MF  patients 
is  now  underway,  with  the  review  of  the  tumor  pathology  in  25  families. 
The  pathology  review  will  be  done  by  Dr.  Costan  Berard  of  the  NCI  Labora- 
tory of  Hematopathology.  Preliminary  results  suggest  an  excess  of  multiple 
myeloma  in  MF  family  members. 

A  comprehensive  review  of  the  epidemiology  of  multiple  myeloma  and 
Waldenstrom's  macroglobul inemia,  with  special  emphasis  on  familial  and 
genetic  aspects,  showed  that  different  genetic  mechanisms  operate  in  these 
conditions.  For  macroglobul inemia,  a  dominantly  inherited  predisposition 
to  autoimmunity  and  lymphoproliferation  is  suggested;  while  for  myeloma,  a 
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recessive  factor  (possibly  associated  with  HLA)  may  explain  the  pattern. 
Family  histories  are  being  collected  as  part  of  ongoing  case-control  studies 
of  macroglobulinemia  and  myeloma  in  hopes  of  helping  clarify  these  questions, 
and  immunogenetic  correlates  are  being  evaluated  in  selected  cases. 

A  review  of  the  epidemiology  of  non-Hodgkin' s  lymphoma  (NHL)  identified 
two  distinctive  patterns  of  familial  aggregation  for  the  tumor:  (1)  teen-age 
male  sibs  with  extra-nodal  (primarily  gastrointestinal)  NHL  and  (2)  adult 
female  sibships  with  nodal  NHL.  The  many  conditions  associated  with  an 
increased  risk  of  NHL  were  reviewed,  and  an  etiologic  model  proposed  in 
which  defective  immunoregulatory  function  and  chronic  antigenic  stimulation 
appear  to  underlie  many  of  the  known  lymphoma  precursor  states.  These  data 
were  presented  at  an  NIH  Combined  Clinical  Staff  Conference  on  Recent 
Advances  in  NHL. 

Studies  of  the  relationship  of  autoimmunity  to  cancer  are  continuing  with 
the  evaluation  of  30  kindreds  identified  through  a  proband  with  dermatitis 
herpetiformis,  25  kindreds  with  gluten  sensitive  enteropathy,  and  30  families 
with  Sjogren's  syndrome.  In  a  preliminary  report  of  these  studies,  family 
members  were  found  to  have  an  increased  incidence  of  autoimmune  disorders 
in  first-  and  second-degree  relatives  compared  to  a  cohort  of  spouse  control 
families.  However,  the  patterns  of  disease  differed  in  the  two  study  groups, 
suggesting  different  immunogenetic  determinants.  There  was  no  excess  of 
gastrointestinal,  lymphoproliferative,  or  other  forms  of  malignancy  compared 
to  the  expected  incidence  for  the  U.S.  population. 

Studies  carried  out  in  collaboration  with  Dr.  Martin  Lipkin  at  Memorial 
Sloan-Kettering  Institute  on  colon  cancer-prone  families  have  suggested  the 
utility  of  actin  cable  analysis  as  an  in  vitro  marker  of  polyposis  risk, 
while  colonic  mucosa  cellular  growth  characteristics  and  colonic  washing 
CEA  levels,  although  frequently  abnormal,  do  not  appear  to  be  highly  corre- 
lated in  many  cases.  The  actin  cable  abnormality  in  particular  appears  to 
be  genetically  linked  to  the  polyposis  trait,  while  the  colonic  mucosal 
growth  abnormality  appears  to  signal  a  mutational  event  identifying  a 
premalignant  change  in  both  polyposis  and  non-polyposis  colon  cancer-prone 
families.  Further  studies  are  planned  to  evaluate  this  growth  abnormality 
in  high-  and  low-risk  groups  from  selected  populations.  In  vitro  immune 
defects  identified  in  non-polyposis  colon  cancer-prone  families,  but  not  in 
familial  polyposis,  are  being  evaluated  using  newer  immunologic  approaches 
to  further  characterize  a  suggested  regulatory  defect.  Similar  abnormalities 
observed  in  familial  stomach  cancer  families  are  also  being  examined  as  part 
of  a  comprehensive  protocol  which  will  include  gastroscopy  to  look  for  early 
premalignant  lesions. 

A  recent  hypothesis  suggests  that  alterations  in  the  levels  of  the  pineal _ 
gland  hormone,  melatonin,  may  be  associated  with  breast  cancer  risk.  A  pilot 
study  by  the  investigators  in  NCI's  Division  of  Cancer  Treatment  and  the 
National  Institute  of  Child  Health  and  Development  is  currently  underway  to 
determine  if  clinically-affected  women  show  an  altered  circadian  pattern  for 
melatonin,  as  well  as  other  hormones.  The  study  will  be  extended  to  familial 
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breast  cancer  depending  on  results  of  the  pilot  study.  A  breast  cancer  risk 
assessment  questionnaire  is  being  developed  by  Branch  members  to  assist  in 
evaluating  clinical  correlates  of  hormonal  pattern. 

A  specific  cytogenetic  abnormality  has  recently  been  reported  to  be  linked 
to  renal  cell  cancer  risk.  An  additional  renal  cell  cancer  family  has  been 
tested,  but  no  abnormality  was  found.  A  large  case-control  study  of  renal 
cell  cancer  in  Minnesota  will  provide  an  opportunity  to  look  for  this 
abnormality  in  young  cases,  patients  with  bilateral  disease,  and  those  with 
a  positive  family  history  in  a  systematic  fashion.  In  addition,  tumor 
karyotypes  are  being  evaluated  from  cases  ascertained  at  Walter  Reed  Army 
Medical  Center  and  the  National  Naval  Medical  Center  for  evidence  that  this 
particular  cytogenetic  abnormality  is  associated  with  renal  cell  cancer  in 
sporadic  cases.  A  nationwide  search  for  familial  bladder  cancer  clusters 
coordinated  through  data  recently  collected  as  part  of  a  large  case-control 
study  is  underway  to  follow  up  on  the  observation  in  one  family  that  acet- 
ylator  phenotype  may  correlate  with  bladder  cancer  risk.  Familial  testic- 
ular cancer  clusters  are  also  being  sought  through  a  large  case-control 
study  to  evaluate  the  possible  role  of  immunogenetic  factors  suggested  by 
one  study.  A  survey  of  Wilms'  tumor  survivors  revealed  two  patients  whose 
children  subsequently  developed  diverse  cancers,  raising  the  possibility 
that  an  excess  risk  of  cancer  exists  among  the  offspring  of  patients  treated 
for  Wilms'  tumor  in  childhood.  Affected  families  will  be  contacted  for 
further  in-depth  follow-ups. 

As  part  of  an  interagency  collaboration  between  NCI/EEB  and  the  Center  for 
Disease  Control,  a  series  of  special  studies  of  cancer  in  Alaskan  natives 
is  now  under  way.  An  important  phase  of  the  project  is  ascertainment  and 
evaluation  of  kindreds  prone  to  hepatocellular  and  nasopharyngeal  carcinoma. 
Protocols  for  the  clinical/laboratory  evaluation  of  these  families  have 
been  developed,  with  implementation  pending  approval  by  the  Native  Alaskan 
Council. 

Under  a  recently- terminated  contract  [Litton  Bionetics,  Inc.  (NOl-CP-61016)], 
a  battery  of  immunologic  tests,  including  functional  and  cell  population 
tests,  were  conducted  on  726  members  of  cancer-prone  families.  In  many  cases, 
repeat  testing  was  performed.  In  addition,  a  variety  of  tumor-specific  assays 
were  also  performed.  Data  on  these  patients  have  been  edited  and  analysis  is 
underway  utilizing  the  Family  Studies  computer  system.  This  computer- 
based  pedigree  system  will  allow  assessment  of  immune  function  as  a  genetic 
marker  in  linkage  analysis.  This  unique  data  set  will  provide  opportunity 
for  evaluating  the  role  of  a  genetically-determined  human  immune  response 
in  cancer  etiology. 

A  parallel  data  set  of  HLA  genetic  marker  data  on  many  of  the  same  family 
members  tested  immunologically  is  currently  being  edited  and  verified. 
This  data  set  will  allow  for  analysis  of  the  association  of  HLA  type  to 
diverse  forms  of  familial  cancer.  In  addition,  the  genetic  marker  data 
adds  another  parameter  that  can  be  correlated  with  immune  response. 
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A  computerized  serum  record  keeping  system  has  been  developed  to  monitor 
freezer  location  and  quantities  of  specimens  available  from  1,300  individual 
family  members.  This  system  includes  a  specimen  tracking  feature  which 
will  facilitate  monitoring  results  of  laboratory  studies  performed  by 
outside  collaborators.  This  repository  has  proved  invaluable  in  collaborative 
studies  aimed  at  evaluating  genetically-determined  serologic  markers. 
For  example,  sera  on  one  family  were  included  in  a  recently-published 
report  concerning  linkage  relationship  of  variable  and  constant  region 
allotypic  determinants  of  human  immunoglobulin  heavy  chains.  This  study 
was  done  in  collaboration  with  Dr.  J.  P.  Pandey  of  the  Medical  University 
of  South  Carolina. 

A  support  services  contract  [Meloy  Laboratories,  Inc.  (NOl-CP-91000)]  has 
facilitated  the  dissemination  of  skin  fibroblasts  of  approximately  2,000 
persons  at  high  risk  for  cancer  for  various  studies.  In  addition  acquiring 
100  new  samples,  approximately  100  separate  cell  lines  were  sent  to  13 
collaborating  laboratories  inside  and  outside  of  NIH.  Evidence  for 
abnormal  DNA  repair  was  identified  in  the  cells  of  one  man  who  developed 
carcinoma  of  the  breast  following  radiation  for  thymus  enlargement  as  an 
infant.  This  finding,  in  association  with  a  familial  predisposition  to 
cancer,  suggests  that  his  unusual  form  of  cancer  may  have  developed  as  a 
result  of  an  interaction  between  a  genetically-susceptible  host  and  a 
carcinogenic  environmental  exposure.  Reports  concerning  SV-40  virus 
susceptibility  in  leukemia-  and  aplastic  anemia-prone  patients  and  family 
members  were  published  during  the  last  year  based  on  tests  performed  on 
fibroblasts  from  this  repository. 

A  recent  publication  by  the  Family  Studies  research  nurse  defined  a  new 
role  for  the  cancer  nurse  as  a  Family  Studies  professional.  This  innovative 
study  defines  new  avenues  for  the  oncology  research  nurse  as  counselor  of 
high-risk  family  members.  A  publication  concerning  the  Family  Studies 
nurse  in  the  study  of  melanoma  families  is  in  preparation. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Studies  of  cancer-prone  families  may  help  to  detect  genetic  mechanisms 
and  host-environment  interactions  in  carcinogenesis  and  also  help  to 
identify  those  individuals  most  likely  to  benefit  from  screening  programs 
aimed  at  early  diagnosis  of  cancer.  These  unique,  highrisk  populations 
offer  an  opportunity  to  evaluate  patient  and  physician  education  techniques 
and  assess  the  impact  on  health  status  of  the  patients  over  time. 

Proposed  Course:  The  same  approach  will  be  continued,  with  improved 
capability  added  by  the  newly-implemented  computer  system.  New  laboratory 
techniques  will  be  introduced  into  the  project  with  the  addition  of  a 
highlyrespected  immunologist-immunogeneticist  to  the  Family  Studies 
staff. 
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The  continuing  purpose  of  this  projei^l;  lV  to  identify  amma1  models  applicable 
to  further  research  into  etiology  of  cancer  in  humans.  Additionally,  as  cases 
accumulate,  the  probability  increases  that  domestic  pets  with  some  types  of 
spontaneous  cancers  can  be  identified  as  representing  the  effects  of 
low-level  environmental  exposure  to  carcinogenic  agents.  The  frequency  of 
cancer  in  these  animals  would  serve  as  a  warning  of  general  environmental 
hazard  to  man.  The  topics  of  current  interest  include:  1)  environmental ly 
influenced  cancer  in  dogs  relative  to  the  level  of  industrialization  in  their 
county  of  residence;  2)  the  epidemiologic  features  of  splenic  neoplasms, 
gastro-intestinal  cancer,  colorectal  cancer,  and  prostatic  cancer  in  dogs;  3)  a 
case-control  study  of  the  long-term  effects  of  Promone  in  dogs;  and  4)  morbidity 
among  Military  Working  Dogs  compared  to  that  in  pet  German  Shepherds. 
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Project  Description 

Objectives:  To  investigate  the  distribution  of  cancer  and  related  conditions 
in  domestic  animals  in  order  to  1)  clarify  etiologic  factors  in  humans, 
2)  identify  animal  models  useful  in  research,  and  3)  identify  sentinels 
which  may  act  as  early  predictors  of  environmental  hazards  to  man. 

Methods  Employed:  Animals  with  the  disease  under  investigation  are 
identified  when  possible  from  the  medical  abstract  records  in  the 
Veterinary  Medical  Data  Program.  A  comparison  population-at-risk  is 
constructed  from  all  patients  seen  by  participants  during  the  same  time 
period  under  consideration.  The  diseased  animals  are  characterized  by 
relative  risk  techniques  for  various  factors  (i.e.,  age,  breed,  sex). 
Other  analytical  techniques  employed  may  include  case-control  comparison 
for  factors  associated  with  the  disease  in  man.  Other  animals  are  studied, 
wherever  another  resource  is  available  (i.e.,  data  base  of  the  Armed 
Forces  Institute  of  Pathology). 

Major  Findings:  1)  The  proportional  morbidity  of  various  cancers  in  the 
dog  was  correlated  to  the  amount  of  industry  in  the  locale  of  the  dog's 
home  (assessed  by  zip  code).  Canine  bladder  cancer  had  the  strongest 
positive  correlation  of  any  cancer  with  industrial  activity.  Further 
analyses  showed  similar  correlations  between  human  mortality  from  bladder 
cancer  and  industrial  activity  in  the  same  geographic  locales,  suggesting 
that  the  pet  dog  may  be  a  sentinel  for  general  environmental  hazards. 

2)  A  study  of  urethral  cancer  in  the  dog  showed  it  has  a  similar 
epidemiology  to  canine  bladder  cancer.  The  apparent  sparing  of  male  dogs 
may  be  the  result  of  protection  afforded  by  the  resting  prostatic  secretion, 
which  dilutes  the  residual  urine  in  the  urethra. 

3)  A  survey  of  161  dogs  with  perianal  gland  tumors  showed  that  orchiectomy 
without  excision  of  the  benign  lesion  was  therapeutically  successful, 
further  providing  a  hormone  dependency. 

4)  A  study  of  132  cases  of  mammary  tumors  in  cats  indicates  mammary 
carcinoma  is  the  most  common  histologic  cell-type.  Spayed  cats  have  0.6 
the  relative  risk  of  sexually  intact  females;  ovarian  carcinoma,  the  most 
common  second  primary  cancer  with  mammary  cancer  in  the  dog,  was  not  seen 
concomitantly  with  feline  mammary  carcinoma.  Most  data  suggest  the  cat 
may  not  be  an  appropriate  model  for  improving  our  knowledge  of  human 
breast  cancer. 

5)  A  study  of  canine  hypothyroidism  identified  nine  breeds  with 
excessive  risk,  showed  that  risk  by  age  was  greatest  among  young  dogs  of 
high-risk  breeds,  and  that  spayed  female  dogs  were  at  higher  risk  than 
sexually  intact  females. 
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6)  A  study  of  risk  factors  of  canine  heartworm  infection  showed  sporting 
and  working  dogs  experience  the  greatest  hospital  prevalence.  Also  the 
parasite,  which  is  transmitted  by  biting  insects,  is  now  found  in  the 
northern  climates  of  the  U.S. 

7)  The  current  status  of  veterinary  cancer  studies  was  reviewed  by 
comparing  the  epidemiologic  features  of  canine,  feline,  and  human  cancers 
at  ten  body  sites.  Considerable  similarity  was  evident  between  the 
cancer  experience  of  the  dog  and  man. 

8)  A  study  of  elbow  disease  in  dogs  shows  dysplasia  is  excessive  among 
large  and  giant  breeds.  Possibly  rapid  growth  or  weight  are  factors  in 
the  etiology. 

9)  A  study  of  feline  hip  dysplasia  revealed  the  condition  to  be  rarely 
diagnosed.  This  is  quite  the  opposite  to  canine  hip  dysplasia. 

10)  A  survey  indicated  most  diaphragmatic  defects  in  the  dog  are  pericardial 
diaphragmatic  hernias.  Many  of  these  are  associated  with  cardiac  defects. 

11)  A  predisposition  to  congenital  deafness  and  hearing  impairment,  to  a 
lesser  extent,  was  identified  in  the  Dalmatian  and  six  other  canine 
breeds,  many  of  which  are  prone  to  pigment  abnormalities  of  the  coat  and 
eye.  Although  concomitant  eye  defects  were  common,  they  did  not  appear 
to  be  part  of  the  familial  deafness  syndrome. 

12)  A  critique  and  progress  report  was  presented  about  the  Veterinary 
Medical  Data  Program,  the  main  veterinary  data  collection  registry  currently 
operating  in  North  America. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Cancer  of  the  urothelial  system  in  the  dog  shows  a  strongly  positive 
correlation  with  industrial  activity  in  the  area  where  the  dog  lives. 
Monitoring  the  frequency  of  occurrence  of  bladder  cancer  in  the  dog  may 
be  a  prognostic  sentinel  to  similar  environmentally-influenced  cancers  in 
people.  The  sparing  of  male  dogs  from  urethral  cancer  has  been  attributed 
to  the  dilution  of  residual  urine  in  the  urethra  by  the  resting  prostatic 
secretion.  The  benefit  to  man  is  probably  much  less  as  man  produces  less 
secretion  than  the  dog.  The  role  of  hormones  is  demonstrated  in  the 
beneficial  effects  of  castration  on  the  remission  of  benign  perianal 
gland  tumors  in  the  male  dog,  the  sparing  of  spayed  female  cats  from 
subsequent  mammary  carcinoma,  and  the  increase  in  risk  for  hypothyroidism 
seen  in  spayed  female  dogs.  The  canine  defects  of  deafness  and  herniation 
of  the  diaphragm  each  present  some  clinical  features  similar  to  the  human 
counterpart. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  this  project  is  to  study  the  long-term  health  effects  of 
therapeutic  drugs  as  they  may  relate  to  carcinogenicity.  Cohort  studies  of 
exposed  groups  are  conducted,  as  well  as  case-control  studies  of  selected 
cancer  sites  which  involve  lifetime  drug  use  histories.  Emphasis  in  the  past 
year  has  been  on  the  evaluation  of  various  types  of  estrogenic  preparations, 
immunosuppressive  drugs,  and  cancer  chemotherapeutic  agents. 
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Project  Description 

Objectives:   (1)  To  study  the  ]ong-term  effects  of  therapeutic  drugs  in 
humans  in  order  to  identify  drugs  affecting  risk  of  malignancy,  and  the 
characteristics  of  these  risks.  (2)  To  review  what  is  known  about  the 
carcinogenic  potential  of  drugs  in  order  to  identify  those  requiring 
study  in  humans. 

Studies  and  Methods  Employed:   (1)  A  retrospective  cohort  study  of  1,891 
women  treated  with  conjugated  equine  estrogens  for  menopause.  This  is  a 
study  of  women  so  treated  sometime  between  1940  and  1969  and  followed  up 
through  the  end  of  1972.  This  is  being  done  in  collaboration  with  a 
gynecologist  at  the  University  of  Louisville.  Currently  an  update  of  the 
follow  up  is  being  conducted  in  order  to  bring  the  cohort  follow  up 
through  1978. 

(2)  The  data  from  a  case-control  study  of  breast  cancer  in  one  pre-paid 
health  plan  were  analyzed  for  the  relationship  between  the  use  of  estrogens 
for  the  climacteric  and  the  subsequent  risk  of  breast  cancer. 

(3)  Two  case-control  studies  of  breast  cancer  among  mammography  screening 
program  participants  have  included  an  evaluation  of  the  influence  of 
estrogen  and  oral  contraceptives  on  breast  cancer  risk  (see  Project  No. 
ZOl-CP-04501-03). 

(4)  Study  of  the  long  term  effects  of  the  immunosupressive  drugs  described 
in  detail  in  Project  No.  Z01-CP-0441-04-EEB,  "Immunologic  Factors  in 
Cancer  Etiology. " 

(5)  A  population-based,  record- abstract,  case-control  study  of  approximately 
600  cases  of  ovarian  cancer  and  700  controls  from  two  pre-paid  health 

plans  was  initiated  to  evaluate  the  relationship  between  the  use  of  a 
number  of  therapeutic  drugs  and  the  risk  of  this  malignancy.  The  drugs 
being  evaluated  include  estrogens,  oral  contraceptives,  major  tranquilizers 
and  other  drugs  affecting  the  pituitary-ovarian  axis. 

(6)  A  population-based,  record-abstract  case-control  study  of  cases  of 
breast  cancer  was  begun  in  women  having  undergone  a  bilateral  oophorectomy 
prior  to  breast  cancer  diagnosis  and  control  women  who  also  had  a  bilateral 
oophorectomy.  This  is  being  done  in  two  pre-paid  health  plans  in  order  to 
evaluate  the  risk  of  breast  cancer  associated  with  the  use  of  replacement 
estrogens  by  women  having  had  a  bilateral  oophorectomy. 

(7)  A  "case-control"  study,  where  the  "cases"  are  NCI  Medicine  Branch 
breast  cancer  patients  whose  tumors  have  estrogen  receptors  and  the 
"controls"  are  those  breast  cancer  patients  without  receptors,  is  currently 
being  analyzed.  Breast  cancer  risk  indicators  and  history  of  exposure  to 
estrogens  and  oral  contraceptives  are  being  related  to  the  absolute  level 
of  estrogen  receptors  of  the  tumors. 
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(8)  A  study  of  patients  with  Hansen's  disease  is  underway.  The  predominant 
mode  of  therapy  of  these  individuals  for  a  number  of  years  has  been  the 
drug  dapsone.  This  drug  has  recently  been  implicated  as  a  carcinogen  in 

the  bioassay  program  of  the  NCI.  Patients  with  Hansen's  disease  are  also 
of  interest  with  respect  to  their  risk  of  malignancy  which  might  be 
related  to  their  altered  immunologic  state  (see  Project  No.  ZOl-CP-04401- 
04-EEB). 

(9)  A  mortality  study  of  a  population  of  348  women  treated  with  isoniazid 
for  tuberculosis  and  followed  up  for  up  to  23  years  (12  years  mean). 

(10)  A  systematic  evaluation  of  adjuvant  drug  therapy  for  cancer  treatment 
has  continued.  To  evaluate  the  potential  carcinogenic  effects  of  various 
modalities  in  the  treatment  of  cancer,  information  from  several  NCI-supported 
cancer  treatment  protocols  are  being  combined  and  analyzed.  This  study 

is  being  done  in  collaboration  with  the  Division  of  Cancer  Therapy.  From 
a  survey  of  NCI-funded  protocols,  a  number  of  cancer  treatment  trials 
were  selected  for  evaluation.  Protocol  chairmen  and  statisticians  were 
contacted,  available  data  evaluated,  and  abstract  forms  designed  to 
obtain  information  on  second  cancers  not  readily  available  from  computerized 
data.  Contact  has  been  made  with  the  following  surgical  adjuvant  groups: 
The  National  Surgical  Adjuvant  Breast  Project,  the  Gynecologic  Oncology 
Group,  the  Veterans  Administration  Surgical  Oncology  Group,  the  Eastern 
Cooperative  Oncology  Group,  and  the  Gastrointestinal  Tumor  Studies  Group. 
Drugs  being  evaluated  include:  thioTEPA,  L-PAM,  MeCCNU,  Cytoxan,  and 
others. 

(11)  A  follow-up  study  of  mortality  and  cancer  incidence  in  900  patients 
treated  with  alkylating  agents  for  rheumatoid  arthritis  is  currently 
being  analyzed.  This  is  being  done  in  collaboration  with  investigators 
at  the  Cleveland  Clinic. 

(12)  Evaluations  have  also  been  made  of  the  influence  of  alkylating  and 
immunosuppressive  drug  therapy  for  various  rheumatologic  conditions 
(Sjogren's,  systemic  lupus,  rheumatoid  arthritis)  among  patients  seen  at 
the  N.I.H. 

(13)  The  occurrence  of  second  cancers  in  31  long-term  survivors  from  a 
series  of  135  patients  with  Ewing's  sarcoma  treated  by  the  DCT/NCI  was 
ascertained  and  analyzed. 

(14)  A  follow-up  study  was  done  on  517  patients  with  non-Hodgkin' s 
lymphoma  treated  at  the  National  Cancer  Institute  and  all  known  second 
cancers  have  been  identified. 

(15)  Two  VA  clinical  trials  of  adjuvant  drugs  (thioTEPA  and  FUDR)  used 
to  treat  large  bowel  cancer  were  evaluated.  Both  incidence  and  mortality 
data  were  analyzed. 
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(16)  A  follow  up  of  patients  with  early  stage  ovarian  cancer  participating 
in  three  prospective  randomized  trials  (GOG,  Princess  Margaret  Hospital, 
and  the  MD  Anderson  Hospital)  was  conducted  and  analyzed  for  the  frequency 
of  second  tumors.  In  an  effort  to  obtain  larger  numbers  of  cases  so  that 
questions  arising  from  this  analysis  (e.g.,  dose-response,  radiation/ 
chemotherapy  interaction,  etc.)  can  be  investigated,  data  from  an  additional 
6000  women  with  advanced  stage  ovarian  cancer  are  now  being  analyzed. 
These  data  will  be  added  to  those  already  collected.  The  final  study 
group  will  include  approximately  7500  ovarian  cancer  patients. 

(17)  A  case-control  study  of  203  children  with  second  malignant  neoplasms, 
evaluating  the  relationship  between  the  therapy  they  received  for  their 
first  malignant  neoplasm  and  the  development  of  their  second,  was  initiated. 
Over  one-third  of  the  medical  records  of  the  cases  have  been  abstracted. 
Potential  control  rosters  are  being  generated  by  each  institution. 

Control  selection  will  begin  in  the  summer.  Data  collection  should  be 
complete  by  the  end  of  the  fall. 

(18)  A  collaborative  effort  with  Harvard  University  has  continued  to 
evaluate  the  late  effects  of  anti-tuberculosis  drugs  such  as  isoniazid. 
An  expanded  effort  to  evaluate  the  late  effects  of  INH  in  Massachusetts 
and  Connecticut  was  also  begun.  The  feasibility  of  studying  effects  in 
children  exposed  in  utero  is  also  being  evaluated. 

(19)  Evaluation  of  three  VA  clinical  trials  of  alkylating  drugs  used  as 
adjuvants  in  lung  cancer  patients  was  begun.  Drugs  include  nitrogen 
mustard,  Cytoxan  and  methotrexate.  Evaluation  of  four  VA  clinical  trials 
of  chemotherapeutic  drugs  (ME-CCNU,  5-FU)  has  also  begun. 

(20)  A  study  of  second  cancers  related  to  drug  and  radiation  treatments 
for  Hodgkin's  disease  was  begun  using  Connecticut  Tumor  Registry  data. 

(21)  A  case-control  study  of  endometrial  cancer  following  hormonal 
treatments  for  breast  cancer  was  begun  using  data  available  in  the  End 
Results  Program. 

(22)  The  feasibility  of  studying  patients  treated  for  psoriasis  with 
methotrexate  was  evaluated. 

(23)  Two  comprehensive  reviews  of  the  relationship  between  estrogen- 
containing  drugs  and  neoplasia  were  undertaken  as  was  one  concerning  the 
human  evidence  relating  to  the  risk  of  neoplasia  associated  with  the  use 
of  a  wide  variety  of  therapeutic  drugs. 

Major  Findings:  (1)  Among  345  women  with  breast  cancer  and  611  controls, 
all  of  whom  were  members  of  one  pre-paid  health  plan,  the  relative  risk 
(RR)  associated  with  ever  having  used  conjugated  estrogens  was  1.4  (p=0.03). 
There  was  evidence  of  a  dose-response  relationship  with  three  different 
measures  of  dose,  rising  to  two-fold  for  those  with  long  term  use. 
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(2)  Use  of  immunosuppressive  drugs  by  kidney  transplant  recipients  is 
associated  with  a  25-fold  excess  risk  of  lymphoma,  and  lesser  excess 
risks  of  lung  cancer,  lower  urinary  tract  cancers,  soft  tissue  sarcomas, 
cancers  of  the  liver  and  bile  ducts,  and  malignant  melanoma.  (See  Project 
No.  Z01-CP-04401-04-EEB  for  a  more  complete  description.) 

(3)  No  risk  of  leukemia  or  second  tumors  was  found  following  low-dose 
thioTEPA  or  FUDR  adjuvant  chemotherapy  for  large  bowel  cancer.  Interestingly, 
irrespective  of  this  negative  finding,  a  decrease  risk  in  the  incidence 

of  metachronous  cancers  with  advancing  age  at  first  primary  was  seen, 
suggesting  the  possible  influence  of  genetic  or  familial  factors  on  risk 
of  second  tumors. 

(4)  Two  cases  of  bladder  carcinoma  were  observed  among  54  patients 
treated  with  oral  cyclophosphamide  for  systemic  lupus  erythematosus  or 
rheumatoid  arthritis.  This  was  100  times  the  expected  number  and  reflected 
an  incidence  of  2.8%  per  year  5  years  after  the  drug  was  begun. 

(5)  Preliminary  evaluation  of  the  risk  of  leukemia  following  alkylating 
agent  use  in  ovarian  cancer  patients  participating  in  randomized  trials 
indicates  a  high  risk  that  requires  recruitment  of  larger  treated  populations 
for  adequate  description. 

(6)  Among  338  women  treated  with  isoniazid  for  pulmonary  tuberculosis, 
no  excess  cancer  deaths  occurred  (8  observed  vs.  8.3  expected)  after  23 
years  (12.9  mean)  of  follow  up.  There  was  an  excess  of  cancer  deaths  (54 
vs.  35.7)  among  1090  patients  who  did  not  receive  INH,  partly  due  to 
radiogenic  breast  cancer  resulting  from  multiple  chest  fluoroscopies  to 
monitor  pneumothorax.  Increased  deaths  from  liver  cirrhosis  (5  vs.  0.8) 
were  observed  following  INH  use,  suggesting  that  chronic  as  well  as  acute 
liver  disease  may  complicate  this  treatment. 

(7)  Among  31  long-term  survivors  of  Ewing's  sarcoma  treated  by  the 
DCCP/NCI  two  patients  developed  second  cancers  compared  to  0.03  expected 
(Obs/Exp  =  72).  One  of  these  tumors  was  a  radiation-induced  fibrosarcoma 
of  bone.  These  data  suggested  that  patients  with  Ewing's  sarcoma  have  a 
tendency  to  develop  radiogenic  sarcomas  after  megavoltage  radiation 
therapy.  Since  this  case,  and  others  in  the  literature,  followed  relatively 
high  doses  of  radiation  (over  6000  rads),  and  since  a  dose  of  5000  rads 

has  been  shown  to  produce  effective  local  control  of  the  primary  tumor, 
it  was  recommended  that  doses  in  this  lower  range  be  used  to  minimize  the 
risk  of  subsequent  radiogenic  cancer. 

(8)  Preliminary  analysis  of  the  followup  of  517  patients  treated  for 
non-Hodgkin' s  lymphoma  at  the  NCI  suggests  excesses  of  acute  non-lymphocytic 
leukemia  and  lung  cancer.  The  leukemia  cases  seem  to  be  related  to 
therapy,  particularly  total  body  irradiation,  whereas  the  lung  cancer 
excess  was  not  related  to  a  specific  treatment.  Of  special  interest  is 

the  fact  that  the  leukemia  excess  was  confined  to  patients  with  nodular 
lymphoma  and  lymphocytic  lymphoma.  A  case-control  study  within  this 
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cohort  1s  now  underway  to  further  clarify  risk  factors  for  the  two  cancer 
sites  occurring  excessively. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Drug  exposure  has  been  one  of  the  most  fruitful  areas  for  identification 
of  carcinogens  in  man  and  subsequent  opportunities  for  preventive  programs 
and  insights  into  the  biologic  mechanisms  in  cancer  etiology.  In  addition, 
the  studies  of  the  long-term  carcinogenic  effects  of  anti-tumor  drugs  is 
an  important  part  of  the  evaluation  of  the  efficacy  of  treatment  of 
various  malignancies  with  these  agents. 

Proposed  Course:   (1)  The  retrospective  cohort  study  of  menopausal 
estrogen  users  will  be  continued  and  updated,  and  further  analyses  done 
on  cancer  incidence  and  mortality. 

(2)  The  analyses  of  the  breast  cancer  case-control  study  from  the  pre-paid 
health  plan  will  be  continued.  Additionally  it  will  include  the  evaluation 
of  stage  and  survival  information  as  well  as  the  risks  associated  with 

the  use  of  drugs  other  than  conjugated  estrogens. 

(3)  The  data  collection  from  the  study  of  ovarian  cancers  in  pre-paid 
health  plans  will  be  completed  and  analyzed.  The  potential  for  other 
drug  evaluations  in  these  pre-paid  plans  will  be  assessed. 

(4)  Another  evaluation  of  the  relationship  between  a  number  of  drugs  and 
the  risk  of  breast  cancer  and  benign  breast  disease  will  be  analyzed 
using  the  data  from  the  case-control  interview  study  done  in  conjunction 
with  the  Breast  Cancer  Detection  and  Demonstration  Projects  (see  Project 
No.  Z01-CP-04501-02-EEB  for  a  more  complete  description),  and  through  the 
study  of  breast  cancers  in  oophorectomized  women  in  pre-paid  health 
plans. 

(5)  It  is  intended  to  continue  the  systematic  monitoring  of  long-term 
toxic  effects  (including  carcinogenicity)  of  a  number  of  therapeutic 
agents  used  in  the  treatment  of  specific  cancers.  This  will  be  done  in 
collaboration  with  the  Division  of  Cancer  Treatment,  as  outlined  in  the 
methods.  These  effects  will  be  supplemented,  where  appropriate,  by 
observational  case-control  studies  of  specifically  suspect  constellations 
of  double-primary  malignancies.  These  evaluations  will  involve  intensive 
record  abstraction  for  therapy  administered  to  patients  who  developed 
certain  combinations  of  primary  malignancies,  compared  to  those  with  the 
same  first  primary  who  did  not  develop  a  subsequent  malignancy. 

(6)  Analyses  will  be  done  of  the  risk  of  cancer  among  patients  with 
rheumatoid  arthritis,  who  were  treated  with  alkylating  agents.  In  addition, 
other  non-cancer  patient  groups  who  have  received  substantial  amounts  of 
immunosuppressive  or  cancer  chemotherapeutic  drugs  will  be  sought,  and 
their  cancer  risks  evaluated,  when  possible. 
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(7)  The  analyses  of  the  mentioned  ovarian  cancer  trials  and  the  extended 
patient  series  will  be  completed,  and  the  data  from  the  NSABP  will  be 
obtained  and  evaluated.  From  this,  and  the  prior  studies  noted,  a  decision 
will  be  made  concerning  a  summary  paper  on  the  risk  of  leukemia  following 
various  dose  levels  of  alkylating  agents. 
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The  objectives  of  this  project  are  to  develop,  adapt,  expand,  and  evaluate 
methodological  procedures  useful  in  epidemiologic  studies  of  cancer.  Methods 
of  design  and  analysis  of  epidemiologic  studies  were  given  particular  emphasis 
with  attention  focusing  on  the  adaptation  and  evaluation  of  multivariate 
logistic  models  for  analysis  of  case-control  data.  Investigation  of  general  _ 
epidemiologic  techniques  for  studying  environmental  cancer  continued,  including 
publication  of  a  text  and  series  of  papers  on  biostatistical  methods  and  review 
of  methods  to  evaluate  the  magnitude  of  low-dose  radiation  risks. 


1165 


PHS-6040 
(Rev.   10-76) 


Z01-CP-04500-03-EEB 

Project  Description 

Objectives:  To  develop,  adapt,  expand,  and  evaluate  methodological 
procedures  useful  in  epidemiologic  studies  of  cancer. 

Methods  Employed:  Basic  research  is  undertaken  on  statistical  techniques 
which  are  useful  in  a  variety  of  epidemiologic  settings.  Computational 
algorithms  are  developed  as  necessary,  and  the  methods  are  applied  to 
epidemiologic  data  generated  and  collected  by  investigators  in  the  Environ- 
mental Epidemiology  Branch  and  elsewhere. 

Major  Findings:  Several  Branch  members  contributed  to  the  adaptation  and 
development  of  statistical  methods  useful  in  epidemiologic  studies.  A 
text  was  published  which  featured  a  library  of  programs  for  epidemiologic 
analysis  using  a  programmable  calculator.  One  Branch  member  coordinated 
an  issue  of  Environmental  Health  Perspectives  which  consisted  of  a  series 
of  papers  on  biostatistical  methods  in  cancer  research  in  the  U.S.  and 
Japan. 

Research  continued  on  methods  of  analysis  of  case-control  data.  A  link 
for  tests  of  hypotheses  between  the  logistic  model  and  the  more  traditional 
Mantel-Haenszel  method  was  shown  and  a  simulation  study  suggested  that 
two  proposed  approximations  to  the  exact  conditional  likelihood  for 
matched  case-control  data  can  lead  to  poor  relative  risk  estimates.  The 
use  of  Miettinen's  confounder  score  was  shown  to  be  at  times  inappropriate 
or  else  may  lead  to  a  conservative  bias  in  the  estimated  relative  risk. 
Graphical  aides  were  prepared  to  illustrate  the  relative  efficiency  gains 
possible  in  estimating  relative  risks  by  selecting  the  sample  size  of  the 
control  group  two  to  five  times  larger  than  the  case  group.  A  note  was 
prepared  clarifying  the  difference  between  the  statistical  concept  of 
interaction  and  the  epidemiologic  concept  of  synergy. 

Several  studies  were  conducted  on  the  statistical  analysis  of  cohort 
data.  One  report  presented  an  alternate  method  for  analysis  by  the  Cox 
proportional  hazards  failure  time  model.  Reports  were  prepared  proposing 
a  simple  variance  approximation  for  the  Mantel-Haenszel  chi-square  statistic 
and  a  conversion  factor  for  obtaining  standardized  mortality  ratios 
(SMRs)  from  proportionate  mortality  studies.  Regression  methods  for  use 
with  disease  rates  were  refined,  extended  and  liberalized.  Methodologic 
issues  were  also  explored  with  respect  to  descriptive  and  correlational 
studies,  especially  using  the  county-by-county  mortality  resource. 

Several  methodologic  issues  related  to  the  study  of  radiation- induced 
cancers  were  reported.  Four  epidemiologic  studies  into  the  effects  of 
low-dose  radiation  general  methodologic  issues  were  reviewed,  while  the 
necessity  of  undertaking  studies  in  high-dose  rather  than  low-dose 
populations  was  stressed.  Review  of  statistical  methods  applied  to  the 
study  of  cancer  led  to  a  critical  re-evaluation  of  a  published  study 
purporting  excess  cancer  risk  at  low-dose  levels.  Parametric  families 
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for  dose-response  curves  were  used  to  incorporate  information  on  aspects 
of  exposure  other  than  dose,  such  as  radiation  quality  and  protraction 
and  fractionation.  Stochastic  models  were  adopted  for  the  evaluation  of 
sputum  cytology  screening  programs  among  uranium  miners. 

Work  has  continued  on  the  development  of  and  accessibility  to  the  Branch 
computer  program  library.  For  case-control  data,  SAS  pre-programmed 
subroutines  have  been  written  to  estimate  and  test  relative  risks  and  to 
facilitate  logistic  modelling,  with  details  of  these  programs  presented 
to  NIH  staff  via  seminars  and  individual  consultation.  For  matched 
studies  a  general  program  for  multivariate  analysis  was  developed  based 
on  an  exact  conditional  likelihood. 

A  guide  to  sample  size  requirements  for  use  in  familial  studies  of  cancer 
was  prepared.  A  continuing  seminar  series  for  NIH  staff  was  presented  on 
statistical  methodology  for  family  history  data  with  a  description  of 
available  computer  programs. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Research  in  statistical  methodology  will  enable  the  adequate  analyses  of 
the  epidemiologic  studies  carried  on  by  members  of  the  Branch  as  well  as 
epidemiologists  in  other  institutions. 

Proposed  Course:  Methods  development  and  adaptation  will  continue,  with 
particular  emphasis  on  techniques  applicable  to  the  Branch's  analytical 
epidemiologic  studies  program. 
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The  purpose  of  this  project  is  to  utilize  the  case-control  interview  methodology 
to  do  in-depth  evaluations  of  specific  cancer  sites.  By  the  nature  of  this 
method,  the  exposures  evaluated  include  many  of  the  exposure  categories  under 
which  other  Branch  studies  are  listed;  however,  either  because  there  are 
numerous  etiologic  hypotheses  to  be  tested,  or  because  a  tumor  deserves  an  in- 
depth  evaluation  in  an  attempt  to  generate  hypotheses,  these  types  of  studies 
cover  a  number  of  different  exposure  categories,  and  are  therefore  considered 
as  a  separate  program  area. 
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Project  Description 

Objectives:  (1)  To  identify  tumor  sites  for  which  there  are  a  number  of 
unusual  demographic  laboratory  or  clinical  associations  indicating  the 
necessity  to  evaluate  a  broad  range  of  potential  exposures.  (2)  To 
identify  populations  in  which  these  in-depth  case-control  evaluations  can 
be  most  efficiently  carried  out.  (3)  To  design,  conduct,  and  analyze 
these  intensive  case-control  evaluations. 

Studies  and  Methods  Employed:  During  this  year  the  project  has  included 
15  studies  using  the  case-control  method:  2  of  breast  cancer,  4  of 
bladder  cancer,  1  of  non-Hodgkin' s  lymphoma,  1  of  mycosis  fungoides,  1  of 
testicular  cancer,  1  of  ovarian  cancer,  1  of  melanoma  of  the  skin,  1  of 
intraocular  melanoma,  and  1  of  multiple  myeloma,  2  of  childhood  cancer  in 
general  and  1  of  Wilm's  tumor  in  children. 

(1)  Breast  cancer  patients  (1554)  identified  by  the  Breast  Cancer  Detection 
and  Demonstration  Project  (BCDDP),  women  with  benign  breast  disease 
(1574),  and  normal  screenees  (1391)  were  interviewed  in  their  homes  to 
collect  information  about  risk  factors  for  breast  cancer  (see  (1)  above) 
and  use  of  oral  contraceptives,  other  exogenous  estrogens,  antihypertensive 
agents,  thyroid  medications,  and  major  tranquilizers.  Histological  and 
clinical  data  were  collected  from  BCDDP  records. 

(2)  A  continuation  of  the  breast  cancer  study  noted  above  is  being 
designed.  Breast  cancer  patients  (1000-2000)  identified  by  the  BCDDP  and 
equal  numbers  of  women  with  benign  breast  disease  and  women  with  no 
breast  disease  will  be  interviewed  at  home  to  collect  information  about  a 
range  of  factors  (see  (1)  and  (2)  above)  and  diet.  Histological  and 
clinical  data  will  be  collected  from  BCDDP  records. 

(3)  All  bladder  cancer  patients  (4000)  who  were  diagnosed  in  1978  in 
five  states  and  five  metropolitan  areas  were  identified,  and  controls 
(7000)  were  drawn  from  the  general  population  of  the  10  geographic  areas. 
Subjects  were  interviewed  in  their  homes  to  collect  data  about  saccharin 
use,  smoking  habits,  occupational  history,  sources  of  drinking  water, 
hair  dye  use,  coffee-drinking,  and  medical  history.  Histological  data 
were  collected  from  pathology  reports. 

(4)  All  bladder  cancer  patients  (150)  who  were  diagnosed  in  1979  in 
greater  Atlanta,  and  controls  (150)  from  the  general  population  have  been 
interviewed,  following  the  protocol  described  in  (3).  The  additional 
cases  and  controls  will  permit  assessment  of  exposures  stemming  from  work 
with  textiles  and  dyes. 

(5)  Bladder  cancer  patients  (100)  who  are  diagnosed  in  1979  in  greater 
New  Orleans,  and  controls  (150)  from  the  general  population,  have  been 
interviewed,  as  described  above.  Urine  samples  have  been  collected  and 
analyzed.  The  additional  data  will  permit  assessment  of  the  exposures 
related  to  use  of  drinking  water  from  the  Mississippi  River. 
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(6)  A  study  of  the  epidemiology  of  childhood  bladder  cancer  is  currently 
being  designed.  Bladder  cancer  patients  younger  than  21  at  diagnosis 
(39)  and  their  siblings  (39)  and  patients  diagnosed  with  other  cancers  in 
childhood  (117)  will  be  interviewed,  as  will  their  mothers.  Data  will  be 
collected  about  prenatal  and  early  childhood  exposures  to  drugs,  chemicals, 
and  foods  including  saccharin. 

(7)  Data  from  a  study  of  non-Hodgkin' s  lymphoma  patients  treated  at  the 
NIH  Clinical  Center  and  their  sibling  controls  are  currently  being  analyzed. 
The  study  consists  of  complete  information  on  91  cases  and  121  controls. 

We  are  now  evaluating  risk  for  NHL  by  radiation  exposure,  occupational 
exposure  and  past  drug  usage. 

(8)  Testicular  cancer  patients  treated  at  the  NIH  Clinical  Center, 
Walter  Reed  Army  Hospital,  and  Bethesda  Naval  Medical  Center  (325),  and 
controls  treated  in  those  hospitals  for  other  cancers  (325),  are  now 
being  interviewed  in  the  hospital  or  by  telephone  to  collect  information 
about  their  occupational  and  environmental  exposures,  medical  history 

with  emphasis  on  genital  tract  abnormalities,  family  history,  and  lifestyle. 
To  date  88  testicular  cancer  cases  and  66  cancer  controls  have  been 
interviewed.  Mothers  of  subjects  will  be  interviewed  by  telephone  and 
medical  records  abstracted  to  obtain  data  on  subjects'  prenatal  and  early 
childhood  exposures  to  drugs,  hormones,  and  radiation. 

(9)  Ovarian  cancer  patients  diagnosed  between  1978  and  1981  in  25  Washington, 
D.C.,  area  hospitals  (350),  and  women  hospitalized  for  other  conditions 
(350),  are  now  being  interviewed  in  their  homes  to  collect  information 

about  medical,  family,  reproductive  and  menstrual  histories,  use  of 
exogenous  estrogens,  contraception,  occupation,  and  smoking.  Microscopic 
slides  are  being  reviewed  and  questionnaires  are  being  mailed  to  subjects' 
physicians  to  collect  additional  data. 

(10)  A  case-control  study  of  intraocular  malignant  melanoma  was  initiated 

in  collaboration  with  Dr.  Jerry  Shields  of  Wills  Eye  Hospital  in  Philadelphia. 
The  data  collection  for  the  study  was  completed.  A  total  of  1465  medical 
records  were  abstracted  and  1285  telephone  interviews  were  completed. 
Analysis  will  be  under  way  during  the  summer. 

(11)  Multiple  myeloma  patients  (180)  newly  diagnosed  by  the  Acute  Leukemia 
Group  B  and  their  siblings  will  be  mailed  questionnaires  that  collect 
data  about  occupation,  therapeutic  drugs,  medical  and  family  history,  and 
chronic  antigenic  exposures. 

(12)  An  interview  study  of  270  patients  with  mycosis  fungoides  will  help 
to  clarify  the  role  of  certain  environmental  factors  as  well  as  the 
importance  of  chronic  antigenic  stimulation  in  the  etiology  of  this 
unusual  neoplasm. 
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(13)  A  study  of  the  relationship  between  cleft  lip  or  palate  and  subsequent 
childhood  cancer  and  a  study  of  the  occurrence  of  chicken  pox  during 
pregnancy  and  subsequent  cancer  in  the  offspring  were  both  conducted 

using  the  Oxford  survey  of  childhood  cancer. 

(14)  The  Branch  staff  was  also  involved  in  a  study  utilizing  data  from 
the  Connecticut  Tumor  Registry  to  evaluate  the  relationship  between 
Wilm's  tumor  of  the  kidney  and  the  occupation  of  the  father  of  the  case. 

Major  Findings:  (1)  The  first  bladder  cancer  study  has  been  analyzed  to 
assess  artificial  sweeteners.  Averaged  over  all  persons  who  ever  used 
any  form  of  artificial  sweetener,  the  relative  risk  of  bladder  cancer  was 
1.01,  with  a  95%  confidence  interval  from  .92  to  1.11.  Men  who  ever  used 
artificial  sweeteners  in  their  table-top  forms  (tablets,  drops,  powders) 
had  1.04  times  the  risk  of  men  who  never  did.  This  result  was  not  consistent 
with  a  relative  risk  of  1.6  found  in  two  other  studies.  No  excess  risk 
was  seen  overall,  but  excess  risks  (related  to  dose)  were  seen  among: 
people  who  used  table- top  sweeteners  and  diet  drinks  and  one  of  the  forms 
heavily;  a  low-risk  group  of  white  female  non-smokers  unexposed  to  suspect 
occupational  hazards;  males  and  females  who  smoked  very  heavily.  In  sum, 
while  the  data  showed  some  patterns  suggesting  that  artificial  sweeteners 
may  be  weakly  carcinogenic  or  perhaps  co-carcinogenic,  the  maximum  likely 
magnitude  of  any  such  risk  is  small  by  epidemiologic  standards. 

(2)  Collaborating  with  epidemiologists  at  Oxford  and  Birmingham  Universities 
in  the  use  of  data  from  the  Oxford  Survey  of  Childhood  Cancer,  (a  case-control 
study  involving  interviews  with  parents  of  more  than  12,000  British 
children  who  died  of  cancer),  it  was  shown  that  there  was  no  association 
between  cleft  lip  or  palate  and  subsequent  childhood  cancer.  A  link  had 

been  hypothesized  since  oral  clefts  have  been  prominent  among  malformations 
associated  with  prenatal  exposure  to  barbiturates  and  other  sedatives, 
and  it  has  been  reported  that  children  whose  mothers  used  similar  drugs 
during  pregnancy  may  be  at  higher  risk  of  brain  tumors  and  perhaps  other 
cancers.  Review  of  recent  data  from  the  Oxford  Survey  regarding  the 
occurrence  of  chickenpox  during  pregnancy  also  revealed  no  association 
between  prenatal  exposure  to  this  virus  and  subsequent  childhood  cancer, 
in  opposition  to  a  series  of  reports  (including  a  report  of  earlier 
Oxford  data)  to  the  contrary.  The  differences  between  the  earlier  and 
later  Oxford  data  seem  related  to  the  changing  methods  of  ascertainment 
of  this  infection:  the  earlier  questionnaires  contained  a  general  question 
about  illnesses  during  pregnancy,  while  the  more  recent  ones  specifically 
asked  about  the  occurrence  of  chicken  pox. 

(3)  Utilizing  data  from  the  Connecticut  Tumor  Registry  to  help  evaluate 
the  role  of  father's  occupation  in  Wilm's  tumor,  a  case-control  study 
found  a  4-fold  excess  in  risk  associated  with  lead-related  occupations. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
case-control  methodology  provides  a  rapid,  relatively  inexpensive  yet 
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scientifically  robust  way  of  assessing  the  relationship  between  a  disease 
and  a  wide  variety  of  potential  causes  of  that  disease  (occupational, 
general  environmental,  life-style,  genetic,  etc.).  This  method  is  the 
usual  one  first  employed  by  epidemiologists  to  test  hypotheses  that  have 
come  from  clinical  observations,  laboratory  experiments,  or  descriptive 
epidemiologic  efforts.  Because  of  the  speed  with  which  these  studies  can 
be  performed,  and  the  wide  variety  of  potential  causes  that  can  be  assessed 
simultaneously,  these  studies  often  provide  the  first  sound  scientific 
evidence  of  a  preventable  cause  of  malignancy;  evidence  which  can  then  be 
acted  upon  through  educational  programs  or  regulatory  actions.  As  such, 
this  type  of  work  is  a  key  element  in  identifying  preventable  causes  of 
malignancy  in  humans. 

Proposed  Course:  (1)  The  studies  of  multiple  myeloma,  mycosis  fungoides, 
bladder  cancer  in  children  and  the  second  study  of  breast  cancer  in  the 
BCDDP  will  complete  the  phase  of  study  design  and  questionnaire  development 
and  progress  to  the  phase  of  data  collection  during  the  next  year. 

(2)  The  studies  of  testicular  cancer  and  ovarian  cancer  will  continue 
data  collection  through  the  next  year. 

(3)  The  first  breast  cancer  study  in  the  Breast  Cancer  Detection 
Demonstration  Project,  the  bladder  cancer  studies  in  New  Orleans  and 
Atlanta,  and  the  non-Hodgkin' s  lymphoma  study,  and  the  intraocular  melanoma 
study  have  completed  data  collection  and  will  be  analyzed  during  the  next 
year. 

(4)  Continuous  evaluations  will  be  made  of  numerous  tumor  sites  in  order 
to  identify  those  tumors  for  which  intensive  case-control  studies  would 
be  the  most  appropriate  next  step  in  evaluating  potential  etiologic 
hypotheses.  Avenues  for  appropriately  achieving  these  case-control 
evaluations  will  be  explored. 

(5)  The  first  bladder  cancer  study  will  be  analyzed  to  assess  exposures 
other  than  artificial  sweeteners  during  the  next  year. 

Publications 
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the  National  Bladder  Cancer  Study,  National  Cancer  Institute,  Bethesda, 
MD,  1979.  116  pp. 

Hoover,  R. ,  Strasser,  P.H.,  et  al.:  Artificial  sweeteners  and  human 
bladder  cancer.   Lancet  1:837-840,  1980. 
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dominating  effect  of  alcohol  consumption,  although  other  interesting  nutritiona 
differences  were  also  uncovered;  and  (c)  colorectal  cancer  in  rural  Nebraska 
which  identified  an  increased  risk  among  persons  of  Czechoslovakian  descent  and 
a  familial  clustering.  Also  completed  was  a  death  certificate  review  of_ 
lung  and  pancreatic  cancer  in  Louisiana,  showing  an  excess  of  petroleum  industry 
occupations  for  both  cancers  and  shipbuilding  employment  of  luno  cancer_  and 
a  higher  frequency  of  lung  cancer  among  the  older  Acadian  (Cajun)  minority. 
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Project  Description 

Objectives:  To  identify  and  describe  the  environmental  determinants  of 
cancer  in  areas  of  the  United  States  where  cancer  rates  are  high. 

Methods  Employed:  Field  studies  are  conducted  in  areas  of  the  country 
where  cancer  rates  are  high  and  etiologic  hypotheses  can  be  tested.  The 
studies  are  generally  case-control  (retrospective)  investigations  whereby 
cancer  patients  and  controls,  or  their  next-of-kin  in  the  event  they  had 
died,  are  interviewed  regarding  lifetime  histories  of  residence,  occupation, 
tobacco  consumption,  diet,  and  medical  or  other  factors.  Comparison  of 
responses  between  the  cases  and  controls  are  then  made  by  analytical 
epidemiological  techniques  to  identify,  estimate,  and  evaluate  cancer 
risk  factors.  When  a  particular  suspect  environmental  or  occupational 
exposure  among  a  well-defined  population  group  is  recognized,  cohort 
(prospective)  investigations  may  be  initiated  to  determine  the  group's 
cancer  experience.  Often  both  the  case-control  interview  and  the  cohort 
studies  are  preceded  by  reviews  of  appropriate  death  certificates  and 
medical  records  for  cancer  cases  and  controls  for  comparisons  of  available 
information. 

Major  Findings:  A  series  of  case-control  investigations  are  ongoing  in 
areas  of  the  U.S.  where  mortality  rates  for  particular  tumors  are  high. 
A  major  effort  is  under  way  to  evaluate  risk  factors  for  lung  cancer,  the 
leading  cause  of  cancer  death  among  men  in  the  United  States.  A  previous 
Branch  investigation  in  coastal  Georgia  found  a  significantly  increased 
risk  associated  with  employment  in  area  shipyards  during  World  War  II. 
The  excess  risk,  on  the  order  of  60%,  was  not  accounted  for  by  other 
occupational  exposure  or  by  cigarette  smoking,  and  was  seen  among  both 
white  and  black  men  in  Brunswick  and  in  Savannah,  where  large  shipyards 
were  in  operation  during  the  war.  This  year  a  second  study  was  completed 
in  Tidewater,  Virginia,  where  respiratory  cancer  rates  were  about  as  high 
as  in  Georgia,  and  where  shipbuilding  was  the  major  employer  during  the 
war  and  continues  to  be  so  today.  This  interview  study  revealed  a  70% 
excess  lung  cancer  risk,  adjusted  for  cigarette  smoking,  associated  with 
shipyard  employment  initated  prior  to  1950.  No  increase  was  found  for 
those  who  began  work  in  1950  or  later,  and  no  appreciable  difference  in 
the  excess  was  noted  between  career  (who  averaged  over  25  years  of  shipyard 
work)  and  non-career  (who  averaged  less  than  5  years  employment)  employees 
who  began  work  prior  to  1950,  highlighting  the  importance  of  war-time 
exposures.  Direct  exposure  to  asbestos  was  not  reported  in  higher  frequency 
among  the  lung  cancer  cases;  however,  the  survey  uncovered  a  striking 
clustering  of  mesothelioma  in  the  Tidewater  area.  Interviews  were  completed 
with  the  next-of-kin  of  56  of  the  61  affected  white  males  diagnosed 
during  the  years  1972-78.  These  revealed  that  three-fourths  had  been 
employed  in  area  shipyards,  almost  all  beginning  prior  to  1950.  Many  of 
the  cases  had  worked  as  pipecoverers  where  asbestos  exposure  was  likely 
to  have  been  heavy,  but  others  had  shipyard  jobs  where  exposure  has  been 
thought  to  be  light.  Although  the  incidence  of  mesothelioma  was  not  high 
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among  females  in  the  Tidewater  area,  four  of  the  five  women  with  this 
tumor  were  the  wives  of  shipyard  employees. 

Lung  cancer,  along  with  cancer  of  the  bladder  and  pancreas,  was  also  the 
focus  of  a  large  death  certificate  review  in  southern  Louisiana  where 
rates  for  all  three  of  these  tumors  are  high.  A  search  of  nearly  10,000 
certificates,  done  by  staff  at  the  Tulane  Medical  School  under  contract 
to  the  Branch,  was  completed.  Analyses  of  the  lung  cancer  data  revealed 
two-fold  excess  risk  ratios  associated  with  mention  on  the  certificates 
of  shipbuilding  and  fishing  as  usual  industries  of  employment,  with 
elevated  ratios  also  among  retired  petroleum  industry  employees.  Cultural 
patterns  may  also  play  a  role  in  the  elevated  lung  cancer  rates  since  a 
higher  proportion  of  cancer  than  control  deaths  were  among  Acadians, 
particularly  those  beyond  age  65.  Death  certificate  differences  between 
bladder  cancer  cases  and  controls  were  not  as  pronounced,  but  a  link 
between  pancreas  cancer  and  petroleum  industry  jobs  offered  some  clues 
for  further  study.  To  obtain  more  detailed  information  on  characteristics 
of  cancer  patients  in  Louisiana,  the  Branch  in  collaboration  with  the 
EPA,  entered  into  a  contract  with  LSD  to  conduct  case-control  interview 
studies  in  Louisiana  for  lung,  pancreatic,  and  stomach  cancers. 

A  study  of  respiratory  cancer  was  also  begun  in  collaboration  with  the 
University  of  Texas  School  of  Public  Health  to  evaluate  the  high  risk  of 
respiratory  cancer  among  both  sexes  in  coastal  Texas,  and  interviewing 
was  completed  in  Jacksonville,  Florida,  in  a  study  done  in  collaboration 
with  the  University  of  Miami  to  expand  upon  the  Georgia  results.  An 
interview  investigation  of  lung  cancer  was  also  begun  in  eastern  Pennsylvania, 
where  a  large  nonferrous  metal  smelter  is  located.  Data  from  this  survey 
will  be  linked  with  studies  of  the  smelter-cancer  relationship  being 
conducted  by  other  federal  (CDC,  EPA,  NIOSH)  and  state  agencies. 

Field  studies  of  other  cancers  are  under  way.  Bladder  cancer  rates  are 
particularly  high  in  rural  New  England,  and  plans  have  been  implemented 
to  conduct  epidemiologic  studies  there.  The  major  study  of  this  tumor, 
however,  is  nearing  completion.  This  is  a  large  case-control  study  (3000 
cases,  6000  controls)  of  bladder  cancer  initiated  in  conjunction  with  the 
FDA  to  evaluate  the  effects  of  artificial  sweeteners,  occupation,  smoking, 
and  other  factors  for  this  cancer.  Initial  analysis  revealed  no  overall 
increase  associated  with  saccharin  use,  although  excess  risks  were  seen 
in  certain  subgroups.  Ongoing  analyses  will  evaluate  whether  occupational 
or  other  factors  account  for  the  geographic  patterns  of  this  tumor,  with 
high  rates  in  several  of  the  areas  (New  Jersey,  New  Orleans,  Detroit) 
included  in  the  survey. 

A  case-control  study  of  colorectal  cancer  in  rural  Nebraska  was  conducted 
in  followup  of  the  very  high  large  bowel  cancer  mortality  rates  detected 
in  this  area.  A  priori  hypotheses  included  Czechoslovakian  ancestry, 
traditional  (ethnic)  dietary  components,  exposure  to  agricultural  chemicals. 
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and  familial  aggregation  of  colorectal  cancer.  Preliminary  results  show 
an  increased  risk  of  colorectal  cancer  in  subjects  of  Czechoslovakian 
extraction,  particularly  Moravians,  in  subjects  whose  first-degree  relatives 
were  reported  to  have  colorectal  cancer,  and  in  subjects  reporting  farming 
exposure  to  fungicides.  Additional  evaluations  of  beer  consumption  and 
high  fat  diets,  and  possible  interactions  among  all  these  risk  factors, 
are  currently  under  way. 

Esophageal  cancer  is  relatively  rare  among  whites,  yet  this  tumor  accounts 
for  more  deaths  than  any  except  lung  and  prostate  cancers  among  black  men 
in  Washington,  D.C.  To  attempt  to  uncover  reasons  for  this  excess, 
next-of-kin  of  black  males  who  died  of  esophageal  cancer  and  other  causes 
(controls)  since  1975  were  interviewed  for  information  regarding  the 
deceased's  residence,  occupation,  tobacco  and  alcohol  consumption,  diet 
and  other  factors.  The  case-control  comparisons  showed  a  dominating 
effect  of  alcohol  consumption,  with  the  risk  rising  to  about  eight-fold 
among  heavy  (one  pint  or  more  per  day)  consumers.  In  fact,  nearly  all 
the  esophageal  cancer  cases  drank  alcoholic  beverages,  the  great  majority 
in  amounts  that  would  be  considered  high  by  most  standards,  so  that  the 
excess  for  light  (up  to  8  ounces  of  alcohol  per  day)  consumers  was  on  the 
order  of  five-fold.  Cigarette  smoking,  after  controlling  for  alcohol 
consumption,  was  linked  to  esophageal  cancer  in  this  series,  but  the 
association  was  much  weaker  (relative  risk  =  1.5).  One  of  the  more 
interesting  findings  related  to  general  and  specific  nutritional 
deficiencies  among  the  cases,  including  decreased  intake  of  foods  containing 
Vitamins  A  and  C. 

A  correlation  study  previously  published  by  the  Branch  revealed  that 
nasal  cancer  mortality  was  high  in  counties  with  furniture  manufacturing 
industries.  Subsequent  examinations  of  death  certificates  from  North 
Carolina,  where  the  industry  is  most  heavily  concentrated,  showed  a 
four-fold  excess  of  this  tumor  associated  with  individuals  for  whom 
furniture  manufacturing  was  listed  on  the  certificate  as  the  usual  occupation. 
Although  nasal  cancer  is  rare  and  the  number  of  cases  small  and  spread 
over  a  fairly  wide  geographic  area,  interviews  (by  telephone)  of  recent 
cases  in  Virginia  and  North  Carolina  are  being  conducted  to  further 
quantify  risk  factors  for  this  cancer. 

Also  in  the  South,  a  case-control  study  of  oral  cancer  was  begun  in 
collaboration  with  the  University  of  North  Carolina  to  identify  whether 
tobacco,  occupation,  or  other  factors  may  be  responsible  for  the  high 
rates  for  this  cancer  among  southern  women.  Preliminary  results  show  a 
strong  association  with  snuff  use,  but  the  expected  increase  among  textile 
workers  was  not  observed. 

A  correlation  analysis  relating  renal  cancer  with  demographic  indices  at 
the  State  Economic  Area  level  revealed  a  striking  clustering  of  elevated 
mortality  in  the  north  central  part  of  the  U.S.,  related  in  large  part  to 
the  ethnic  composition  of  the  area.  To  follow-up  on  this  lead  the  Branch 
has  initiated  a  collaborative  study  with  the  University  of  Minnesota  to 
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interview  approximately  550  renal  cancer  cases  and  1100  controls  in  the 
Minneapolis-St.  Paul  area  for  information  on  the  ethnic,  dietary,  and 
other  determinants  of  this  disease. 

Staff  members  of  the  Branch  are  collaborating  with  the  W.  W.  Cross  Cancer 
Institute  in  a  large  case-control  study  of  breast  cancer  in  Edmonton, 
Canada,  in  the  province  of  Alberta,  where  rates  for  breast  cancer  are 
among  the  highest  in  the  world.  The  study  is  unique  in  that  nearly  all 
cases  throughout  the  province  are  interviewed  by  the  Institute.  With  the 
cooperation  of  the  Alberta  Health  Care  Insurance  Commission,  population-based 
controls  were  identified  and  approximately  1000  interviews  among  adult 
female  residents  conducted.  Analysis  now  underway  should  be  useful  in 
comparing  hospital-vs-population-based  controls,  as  well  as  in  providing 
new  information  on  interactive  effects  of  risk  factors  for  breast  cancer. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
These  studies  allow  us  to  test  hypotheses  regarding  the  etiology  of 
cancer  in  the  United  States.  Answers  obtained  may  lead  to  the  recognition 
of  cancer  hazards  and  may  directly  suggest  actions  that  need  be  taken  to 
prevent  the  exceptional  rates  of  cancer  occurrence  in  certain  areas  of 
the  country. 

Proposed  Course:  Field  studies  in  areas  where  cancer  rates  are  high  will 
continue.  Analysis  of  the  information  collected  in  Florida,  Pennsylvania, 
North  Carolina,  Virginia,  Minnesota  and  Alberta  will  be  completed  in  the 
coming  year,  with  interviews  continuing  in  Louisiana,  Texas  and  rural  New 
England.  Results  from  these  ongoing  studies  will  help  suggest  where 
further  epidemiologic  research  will  be  worthwhile. 

A  new  study  of  colorectal  cancer  will  be  started  in  retirement  areas  of 
Florida  focusing  on  identifying  reasons  for  the  unusually  low  risk  of 
this  cancer  among  males  and  females.  This  epidemiologic  investigation 
will  also  include  a  laboratory  component  to  assess  several  nutritional 
and  metabolic  indices  which  may  play  a  role  in  colon  carcinogenesis. 
Case-control  studies  of  rare  cancers  in  several  urban  areas  of  the  country 
are  also  planned. 

Collaborative  studies  with  other  governmental  agencies  (EPA,  CDC,  NIOSH, 
FDA,  NCHS)  will  continue  to  be  expanded  so  that  a  coordinated  approach  to 
field  studies  of  cancer  in  the  U.S.  will  be  established  with  each  agency 
contributing  according  to  its  strengths. 
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•  Pro.ject  Description 

Ob.jectives:  Identification  of  occupational  groups  at  high  risk  of  cancer 
for  specific  sites,  thereby  leading  to  the  identification  of  carcinogenic 
materials  in  the  work  environment. 

Methods  Employed:  Cancer  mortality  patterns  are  determined  through 
long-term  followup  of  persons  employed  in  specific  plants,  industries  and 
occupations.  Proportionate  mortality  studies  are  conducted  when  population 
data  are  unavailable.  Case-control  studies  of  decedents  dying  from  a 
particular  cancer  site  vs.  other  causes  are  carried  out  in  certain  geographic 
areas  utilizing  occupational  data  from  death  certificates  and  other 
sources.  Follow-up  resources  for  cohort  studies  include  the  Social 
Security  Administration,  Office  of  Personnel  Management,  state  motor 
vehicle  bureaus,  state  vital  statistics  offices,  city  directories,  and 
the  post  office.  The  cancer  mortality  experience  of  study  groups  is 
usually  compared  to  that  of  the  general  population  (geographically  specific, 
if  possible).  In  some  instances,  comparisons  are  made  with  other  industrial 
populations. 

Ma.jor  Findings:  The  attached  list  (Appendix  A)  shows  occupational  cancer 
studies  in  progress  and  under  consideration.  Many  of  these  studies  began 
in  the  recent  past  and  require  extended  time  periods  before  final  results 
are  obtained.  Findings  from  the  completed  studies  include: 

1.  Analysis  of  a  limited  set  of  mortality  data  for  non-agricultural 
pesticide  applicators  revealed  an  excess  of  deaths  from  lung  cancer, 
particularly  among  workers  with  10  or  more  years  of  exposure.  This 
finding  will  be  supplemented  by  a  more  complete  survey  of  mortality 
patterns  in  a  cohort  of  structural  pest  control  operators. 

2.  A  proportionate  mortality  analysis  among  1292  workers  in  the  metal 
polishing  and  plating  industry  dying  between  1951  and  1969  revealed 
significant  excesses  of  cancer  of  the  esophagus  (PMR=185)  and  liver 
(PMR=278).  These  results  are  consistent  with  findings  for  other 
occupational  groups  with  metal  and/or  solvent  exposures. 

3.  In  a  survey  of  cancer  mortality  in  U.S.  counties  with  metal  electro- 
plating and  coating  plants,  the  mortality  rates  for  several  cancers, 
particularly  esophagus  and  larynx,  were  higher  than  rates  for  a 
group  of  control  counties.  These  findings  resemble  results  from  a 
proportionate  mortality  study  among  members  of  the  Metal  Platers  and 
Polishers  Union  in  whom  mortality  from  esophageal  cancer  was  also 
high. 

4.  Analysis  of  occupation  as  recorded  on  death  certificates  from  Nebraska 
(1957-74)  revealed  an  increased  risk  of  leukemia  among  farmers.  The 
risk  was  greatest  among  farmers  born  after  1900  and  dying  before  age 
66  (odds  ratio=1.83).  A  higher  risk  also  occurred  among  farmers 

from  heavy  corn-producing  counties.  Findings  were  similar  from  a 
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death  certificate  study  among  farmers  from  Wisconsin  except  the 
highest  risk  for  leukemia  occurred  among  dairy  farmers. 

5.  Analysis  of  causes  of  death  among  1551  white  male  veterinarians 
revealed  significantly  high  mortality  for  leukemia  and  Hodgkin's 
disease,  and  cancers  of  brain,  liver,  and  skin,  and  from  suicide  and 
motor  vehicle  accidents.  The  excesses  were  primarily  among  those  in 
clinical  practice  suggesting  specific  occupational  exposures  (e.g., 
to  viruses,  chemicals,  and  radiation)  that  may  be  carcinogenic. 

6.  Analysis  of  mortality  among  active  and  retired  employees  of  a  single 
pharmaceutical  company  revealed  increased  mortality  from  respiratory 
cancer  and  leukemia  among  female  production  workers,  melanoma  among 
male  production  workers,  and  respiratory  cancer  among  male  maintenance 
workers.  Increased  relative  frequencies  of  other  cancers  were  not 
confined  to  particular  occupational  categories.  Commonality  of 
exposures  for  persons  with  the  same  cancers  could  not  be  established. 

7.  Results  of  an  investigation  of  mortality  among  members  of  the  Oil, 
Chemical,  and  Atomic  Workers  International  Union  (OCAW)  indicate  an 
elevated  frequency  of  cancers  of  the  stomach,  kidney,  brain  and  CNS, 
leukemia,  and  multiple  myeloma  among  petroleum  refinery  and  petro- 
chemical workers  who  were  members  of  the  OCAW  for  at  least  ten 
years.  PMRs  for  cancers  of  the  liver  and  biliary  passages,  pancreas, 
lung,  and.  skin  were  elevated  regardless  of  length  of  membership. 
High  mortality  from  cancers  of  the  stomach,  brain,  and  lung  were 
especially  evident  among  workers  at  specific  plants.  Further 
investigations  are  underway  to  identify  exposures  that  may  contribute 
to  these  excesses. 

8.  A  proportionate  mortality  analysis  of  202  deaths  among  aircraft 
spray  painters  inhaling  zinc  chromate  paints  revealed  an  excess  of 
respiratory  cancer  consistent  with  findings  from  other  chromate- 
exposed  occupational  groups.  The  excess  for  respiratory  cancer 
showed  a  positive  gradient  with  duration  of  employment,  but  was 
limited  to  those  whose  interval  from  first  employment  to  death  was 
at  least  20  years. 

9.  A  study  of  the  long-term  mortality  of  2861  men  employed  in  a  gray 
iron  foundry  between  1938  and  1967  revealed  a  two-fold  increase  in 
mortality  from  digestive  and  respiratory  cancer  among  those  with  at 
least  five  years  employment  before  1938.  Although  the  excess  of 
respiratory  cancer  is  consistent  with  other  reports,  additional 
studies  are  needed  to  identify  the  carcinogenic  agents  associated 
with  foundry  work. 

10.  Preliminary  analysis  of  a  case-control  study  of  lung  cancer  mortality 
among  362  members  of  the  International  Molders  and  Allied  Workers 
Union  indicates  a  large  proportion  of  cases  occur  among  iron  foundry 
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workers,  particularly -among  younger  workers.  Similar  findings  have 
been  reported  in  other  epidemiologic  studies. 

11.  A  proportionate  mortality  study  of  employees  of  the  U.S.  Government 
Printing  Office  revealed  an  excess  of  deaths  from  multiple  myeloma, 
leukemia,  Hodgkin's  disease  and  colon  cancer.  Multiple  myeloma  was 
concentrated  among  workers  from  the  composing  room  where  lead  is  a 
likely  exposure,  while  leukemia  was  more  common  among  bindery  workers 
who  may  have  had  exposure  to  benzene. 

12.  An  evaluation  of  the  characteristics  of  smokers,  exsmokers,  and 
nonsmokers  in  a  working  population  uncovered  few  differences  among 
the  groups.  This  lack  of  variation  among  these  groups  provides 
little  support  for  the  constitutional  hypothesis  of  smoking  risk. 
The  associations,  however,  with  spouse  smoking  habits,  on-the-job 
physical  activity,  and  Type  A  behavior  may  be  useful  in  designing 
smoking  cessation  programs. 

13.  Comparison  of  the  proportionate  mortality  and  standardized  mortality 
ratios  indicates  PMRs  will  overstate  or  understate  disease  risks 
depending  on  whether  the  overall  mortality  of  the  study  group  is 
lower  or  higher  than  the  comparison  group.  Using  a  conversion  rule 
an  equation  was  developed  to  estimate  the  SMR  from  cause-specific 
PMRs. 

14.  Two  case-control  studies  of  non-Hodgkin' s  lymphoma  using  state  death 
records  (Wisconsin  and  Nebraska)  revealed  elevated  risks  for  farmers 
from  both  states,  particularly  among  those  dying  before  age  55. 
Additional  studies  are  being  designed  to  determine  the  particular 
hazards  that  may  account  for  this  risk. 

15.  A  preliminary  evaluation  of  the  mortality  experience  of  members  of 
the  International  Brotherhood  of  Potters  and  Allied  Workers  indicates 
increased  frequencies  of  tuberculosis  and  other  chronic  respiratory 
diseases  among  males  who  worked  in  occupations  with  high  dust  exposures. 
A  slight  excess  of  lung  cancer  was  confined  to  the  manufacture  of 
specific  product  lines. 

16.  A  recent  report  of  a  high  risk  of  bladder  cancer  among  dairy  farmers 
prompted  a  death  certificate  study  of  this  tumor  in  Wisconsin  (a 
state  with  a  heavy  concentration  of  dairy  farming).  A  review  of 
occupation  from  the  death  certificates  of  cases  and  controls  uncovered 
no  increase  in  risk  among  farmers  in  general  or  dairy  farmers  in 
particular. 

Support  services  for  occupational  studies  have  been  carried  out  by  a 
contractor,  Westat,  Inc.,  of  Rockville,  Maryland,  under  contract  number 
NOl-CP-91034.  This  contract  has  provided  nonprofessional  support  for  all 
projects  underway  and  many  of  those  completed,  including  requesting  death 
certificates,  abstracting  records,  coding,  keypunching,  and  programming. 
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Significance  to  Biomedical  -Research  and  the  Program  of  the  Institute: 
Studies  of  the  cancer  experience  of  working  populations  have  provided 
much  of  the  information  known  about  chemical  carcinogenesis  in  man. 
Occupational  groups  may  be  regarded  as  indicators  in  evaluating  possible 
hazards  to  the  general  population  because  exposures  are  often  heavy  and 
well  defined,  and  carcinogenic  response  may  be  associated  with  a  shorter 
latent  period. 

Proposed  Course:  An  increasing  number  of  industrial  populations  will 
require  epidemiologic  investigation  as  leads  are  developed  from  clinical 
and  laboratory  observations.  New  studies  are  being  initiated  to  meet 
this  need.  In  addition,  findings  from  completed  studies  suggest  areas 
and  methodologies  where  further  research  is  needed  so  that  the  risk  of 
cancer  or  the  carcinogenic  agents  associated  with  the  workplace  can  be 
identified  more  accurately. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  objective  of  this  project  is  to  examine  cancer  incidence  and  mortality 
among  populations  exposed  to  ionizing  and  non-ionizing  radiation,  especially 
low-dose  levels.  As  pressure  mounted  to  identify  the  health  effects  of  low- 
level  radiation,  a  Radiation  Studies  Section  was  organized  and  large  scale 
studies  of  irradiated  populations  initiated.  Groups  studied  include  80,000 
Japanese  A-bomb  survivors,  over  100,000  cervical  cancer  patients  treated  with 
radium  implants,  20,000  former  tuberculosis  patients  who  received  multiple 
chest  fluoroscopies,  3,500  children  exposed  to  head  and  neck  irradiation,  other 
patients  exposed  to  diagnostic  and  therapeutic  radiation,  workers  with  historic^ 
of  occupational  exposures  to  radiation,  and  the  populations  of  SEER  reporting 
areas  with  different  levels  of  solar  UV  radiation.  In  addition,  project  member^ 
have  served  on  committees  and  task  forces  of  DHEW,  EPA,  DOE,  NIH,  and  NCI 
formulating  government  responses  to  current  problems  associated  with  health 
effects  of  ionizing  radiation. 
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Project  Description  Objectives:  1.  To  plan  and  conduct  studies  that 
examine  and  quantify  the  risk  of  cancer  in  populations  exposed  to  ionizing 
and  nonionizing  radiation,  especially  at  low-dose  levels  (ionizing  radiation 
includes  x  and  gamma  rays,  alpha  and  beta  particles,  neutrons,  etc.,  and 
nonionizing  radiation  includes  ultraviolet  light);  (2)  to  evaluate  the 
influence  of  physical  factors,  such  as  dose  distribution  or  fractionation, 
and  interactions  of  radiation  with  biological  modifers  of  response  (e.g., 
age)  and  environmental  cof actors;  (3)  to  examine  and  formulate  models  of 
radiation  carcinogenesis  to  help  define  basic  mechanisms  of  cancer  induction; 
(4)  to  conduct  follow-up  studies  of  cancer  risk  in  medically  irradiated 
groups  including  those  receiving  cytotoxic  drugs;  and  (5)  to  collaborate 
with  other  governmental  agencies  involved  in  radiation  research. 

Methods  Employed:   1.  Studies  of  Japanese  A-bomb  survivors.  These  studies 
utilize  the  resources  of  the  Atomic  Bomb  Casualty  Commission  (ABCC)  and 
its  successor  organization,  the  Radiation  Effects  Research  Foundation 
(RERF),  and  are  based  on  the  Life-Span  Study  (LSS)  sample  of  82,332 
A-bomb  survivors  (20,502  received  between  1-9  rad)  and  26,542  non-exposed 
controls  resident  in  Hiroshima  and  Nagasaki  in  1950.  Several  of  these 
studies  were  begun  while  the  participating  project  members  were  employees 
of  RERF,  and  others  utilize  intermediate  results  of  these  studies  or 
published  ABCC  reports.  The  A-bomb  survivor  data  are  perhaps  the  best 
available  with  which  to  estimate  the  effects  of  radiation  exposure. 

a.  Mortality  by  cause  of  death  during  1950-74,  as  given  on  death 
certificates  and  amplified  by  autopsy  and  tumor  registry  information,  was 
analyzed. 

b.  Analyses  of  female  breast  cancer  incidence  during  1950-59  was 
completed  to  provide  information  on  the  shape  of  the  dose-effect  curve. 

c.  An  analysis  was  made  of  temporal  distributions  of  radiogenic 
leukemia,  lung  cancer,  and  breast  cancer  among  A-bomb  survivors. 

d.  An  evaluation  was  made  regarding  the  relative  biological  effects 
of  neutron  as  compared  to  gamma  irradiation  on  various  organs. 

e.  A  case-control  study  of  breast  cancer  among  members  of  the 
Life-Span  Study  (LSS)  sample  of  Japanese  A-bomb  survivors  has  continued 

in  collaboration  with  the  RERF  in  Hiroshima,  Japan.  The  study  is  designed 
to  investigate  possible  interactions  of  radiation  and  various  host  factors 
and  other  risk  factors  in  the  causation  of  breast  cancer.  It  is  hoped 
that  the  study  may  be  a  prototype  of  future  collaborative  studies  with 
the  RERF,  using  the  LSS  sample.  One  such  study  now  being  planned  is  an 
epidemiologic  study  of  lung  cancer  incidence  among  A-bomb  survivors. 

f.  The  pathologic  features  of  radiogenic  breast  cancers  in  the  LSS 
sample  have  been  studied. 
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2.  Studies  of  patients  with  histories  of  medical  exposure  to  radiation. 

a.  Similar  analyses  with  respect  to  radiation  dose  have  been  completed 
on  breast  cancer  incidence  data  among  Japanese  A-bomb  survivors,  U.S.  TB 
patients  given  multiple  chest  fluoroscopies,  and  U.S.  women  given  radiation 
therapy  for  acute  postpartum  mastitis. 

b.  The  followup  of  young  women  exposed  to  multiple  fluoroscopic 

chest  examinations  in  conjunction  with  pneumothorax  treatment  of  tuberculosis 
is  continuing.  The  TB-fluoroscopy  studies  have  recently  been  expanded, 
in  collaboration  with  Harvard  University,  to  evaluate  breast  cancer  in 
older  women  and  lung  cancer  in  both  men  and  women.  All  TB  patients  in 
Connecticut  have  recently  been  included  in  order  to  evaluate  the  risk  of 
radiogenic  leukemia.  A  pilot  case-control  study  of  breast  cancer  has 
been  initiated  to  evaluate  the  interaction  of  radiation  with  underlying 
host  factors.  These  studies  are  of  particular  public  health  importance 
since  the  exposures  were  to  low-doses,  repeated  every  few  weeks  for  many 
years. 

c.  A  large  scale  international  study  of  30,000  women  treated  for 
cervical  cancer  in  29  radiotherapy  centers  in  9  countries  evaluated  the 
risk  of  leukemia  following  large  doses  of  radiation.  The  study  is  being 
expanded  in  order  to  evaluate  the  health  effects  of  low-dose  radiation. 
Although  doses  in  the  pelvic  region  are  large,  doses  to  body  sites  outside 
the  pelvic  area  from  radium  are  low  (1-100  rad)  and  can  be  accurately 
determined.  In  addition  to  the  30,000  women  in  the  clinical  sample,  the 
study  has  been  expanded  to  include  cervical  cancer  patients  reported  in 

15  cancer  registries  across  the  world.  Case-control  and  cohort  studies 
will  be  conducted. 

d.  A  study  of  1700  children  irradiated  for  enlarged  tonsils,  and 
surgical  controls,  has  continued  in  collaboration  with  Children's  Hospital 
in  Boston.  Physical  examinations  are  planned  for  both  groups  to  evaluate 
the  efficacy  of  "callback"  programs  and  the  significance  of  occult  tumors 
found  during  special  screening. 

e.  Major  statistical  assistance  has  been  given  the  Bureau  of 
Radiological  Health/FDA  in  evaluating  the  risk  of  malignancies  following 
therapeutic  doses  of  131-1  in  the  treatment  of  hyperthyroidism.  Mortality 

and  morbidity  analyses  are  continuing  on  a  USPHS  study  of  36,000  thyrotoxicosis 
patients  treated  with  131-1,  surgery,  and/or  drugs.  A  study  of  second 
cancers  following  131-1  treatment  for  thyroid  cancer  is  being  considered. 

f.  The  End  Results  Program  was  used  to  identify  patients  treated 
for  breast  cancer,  Hodgkin's  disease  and  cervical  cancer.  In  addition  to 
evaluating  the  carcinogenicity  of  alkylating  chemotherapeutic  agents, 
radiation  treatment  was  also  evaluated  as  a  possible  cause  of  second 
primary  cancers. 
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g.  Patients  irradiated  by  the  NCI  Pediatric  Oncology  Branch  for 
Ewing's  sarcoma  were  evaluated  for  excess  osteosarcoma. 

h.  A  case-control  study  of  over  200  children  who  developed  second 
primary  cancers  following  treatment  for  childhood  cancer  is  continuing. 

i.  Feasibility  studies  of  radiation-induced  chromosome  damage 
following  multiple  chest  fluoroscopies  and  radiotherapy  for  cervical 
cancer  were  initiated.  These  studies  have  implications  with  regard  to 
mechanisms  of  radiation  carcinogenesis. 

j.  A  collaborative  study  was  begun  with  the  Chaim  Sheba  Medical 
Center,  Israel,  to  estimate  the  risk  of  cancer  in  10,000  children  exposed 
to  x-rays  during  treatment  of  ringworm  of  the  scalp. 

3.  Studies  of  patients  with  histories  of  occupational  exposure  to 
ionizing  radiation. 

a.  Co-Principal  Investigator  C.  Land  was  included  in  a  group  of 
epidemiologists  and  statisticians  requested  by  the  Department  of  Energy 

to  evaluate  a  published  proportional  mortality  study  of  cancer  and  radiation 
dose  among  workers  at  the  Hanford  Atomic  Energy  Works. 

b.  Sputum  cytology  data  on  uranium  miners,  controlling  for  radiation 
exposure  and  cigarette  smoking,  were  analyzed.  This  has  been  a  collaborative 
effort  with  Dr.  Victor  Archer  of  NIOSH  and  Dr.  Geno  Saccomanno,  a  private 
physician  of  Grand  Junction,  Colorado. 

c.  A  feasibility  study  was  begun  in  collaboration  with  the  University 
of  Minnesota  to  evaluate  the  risk  of  cancer  among  170,000  x-ray  technologists. 

4.  Population  studies  of  environmental  radiation  exposures. 

a.  Regions  in  the  western  U.S.  with  uranium  mill  tailing  deposits 
were  identified  and  correlations  with  county  cancer  mortality  data  have 
been  made. 

b.  In  collaboration  with  the  Biometry  Branch,  a  study  was  continued 

to  clarify  the  role  of  solar  UV  radiation  in  the  development  of  non-melanoma 
skin  cancer  by  means  of  a  demographic  survey  using  SEER  tumor  registries 
around  the  country,  and  a  case-control  study  to  clarify  the  influence  of 
various  host  and  environmental  cofactors. 

5.  Consultant  activities  and  service  on  expert  committees.  The  Co-Principal 
Investigators  have  served  as  consultants  or  committee  members  for  the 
National  Council  on  Radiation  Protection  and  Measurements,  the  Department 

of  Energy,  the  Environmental  Protection  Agency,  the  National  Academy  of 
Sciences-National  Research  Council's  Advisory  Committee  on  the  Biological 
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Effects  of  Ionizing  Radiation,  the  DHEW  Interagency  Radiation  Task  Force, 
the  NIH  Committee  on  Low-Level  Radiation,  the  NCI  Subcommittee  on  studies 
of  low-level  radiation,  and  the  NIH  committee  to  evaluate  the  possible 
biological  and  health  effects  resulting  from  the  Three  Mile  Island  nuclear 
power  plant  accident. 

6.  Symposium  on  Radiation  Carcinogenesis.  Preliminary  arrangements  for 
a  symposium  on  Radiation  Carcinogenesis  have  continued.  The  purpose  will 

be  to  have  principal  investigators,  who  have  conducted  major  human  epidemio- 
logic studies  of  radiation  and  cancer,  summarize  their  findings,  present 
current  work,  and  suggest  areas  for  future  research. 

7.  Review  papers.  Several  review  papers  concerning  the  health  effects 
following  exposure  to  ionizing  radiation  were  written,  including  a  general 
overview,  a  review  of  iatrogenic  cancers  following  medical  irradiation, 
the  effects  of  radiation  on  the  immune  system,  the  statistical  aspects  of 
estimating  cancer  risks  from  low  doses  of  ionizing  radiation,  the  epidemio- 
logic issues  concerning  low-dose  radiation  studies,  and  the  long-term 
effects  of  radiation  upon  the  human  fetus. 

Major  Findings: 

1.  New  cancers  (lymphomas  and  cancers  of  the  esophagus,  stomach  and 
urinary  tract)  have  been  added  to  the  list  of  those  known  to  be  caused  by 
ionizing  radiation  from  the  1945  A-bomb  explosions.  In  addition,  suspicion 
is  cast  on  other  cancers,  especially  cancers  of  other  digestive  organs. 
Solid  tumors  as  a  group  now  outweigh  leukemia  as  a  radiation  effect  in 
terms  of  absolute  risk.  The  minimal  latent  period  of  most  cancers  was 
under  15  years  and  depended  on  age  and  site  of  cancer.  Since  effects 
appear  generally  stronger  in  Hiroshima  than  Nagasaki,  it  would  seem  that 
neutrons  are  more  potent  carcinogens  than  gamma  rays.  Cancer  is  clearly 
the  major  late  effect  of  A-bomb  radiation,  and  a  nonspecific  aging  effect 
is  not  supported  by  the  data. 

2.  The  dose-response  function  for  radiogenic  breast  cancer  among  A-bomb 
survivors  appears  to  be  linear.  This  conclusion  follows  from  three 
separate  results.  First,  the  fitted  dose-response  functions  for  the 
Hiroshima  and  Nagasaki  A-bomb  survivors  are  similar,  suggesting  equivalence 
between  neutrons  and  gamma  rays  with  respect  to  their  carcinogenic  effects 
on  breast  tissue.  This  result  is  most  consistent  with  linearity  of 
effect  according  to  current  radiobiological  theory.  Second,  fitted 
dose-response  functions  for  A-bomb  survivors,  mastitis  patients,  and 
TB-fluoroscopy  patients  are  consistent  with  linearity.  Finally,  all 

three  populations  have  similar  excess  risks  per  rad  when  comparisons  are 
based  on  similar  age  groups.  This  result  suggests  that  breast  cancer 
risk  is  independent  of  dose  fractionation,  a  result  consistent  with 
linearity  and  inconsistent  with  marked  curvilinearity. 
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3.  Comparisons  of  breast  .cancer  risk  estimates  between  Japanese  A-bomb 
survivors  and  Western  women  with  histories  of  exposure  to  medical  irradiation 
give  remarkably  consistent  estimates  of  absolute  risk  for  women  exposed 

at  the  same  ages.  By  pooling  the  available  data  from  western  women, 
estimates  of  radiogenic  breast  cancer  risks  were  made:   10.4  excess 
cases/1 OeWYrad  and  6.6  excess  cases/1 06WY-rad  for  women  10-19  and  20+ 
years  of  age  at  exposure,  respectively.  The  relative  increases  in  natural 
risk  per  rad  were  1%  and  0.2%  for  women  10-19  and  20+  years  of  age  at 
exposure,  respectively.  Unfortunately,  little  data  exist  on  the  risks  of 
radiogenic  breast  cancer  in  older  women;  in  fact,  a  peculiar  decrease  in 
risk  with  increased  dose  was  observed  for  A-bomb  survivors  aged  40-49  at 
exposure,  suggesting  that  radiation-induced  changes  in  ovarian  hormone 
levels  at  ages  near  natural  menopause  may  have  been  a  factor.  Many  women 
in  this  age  group  experienced  prolonged  amenorrhea  after  exposure,  and 
for  a  substantial  proportion  the  cessation  of  menses  was  permanent. 

4.  Further  analysis  of  the  studies  of  TB  patients  who  had  multiple 
fluoroscopic  examinations  of  the  chest,  mastitis  patients  given  radiotherapy, 
and  A-bomb  survivors,  suggest  that  the  risk  for  radiogenic  breast  cancer 

is  greatest  for  persons  exposed  as  adolescents,  although  exposure  at  all 
ages  carries  some  risk.  The  dose-response  relationship  is  consistent 
with  linearity  in  all  studies.  Direct  evidence  of  radiation  risk  at 
doses  under  50  rads  is  apparent  among  A-bomb  survivors.  Fractionation 
does  not  appear  to  diminish  risk,  nor  does  time  since  exposure,  even 
after  40  years  of  observation.  The  interval  between  exposure  and  clinical 
appearance  of  radiogenic  breast  cancer  may  be  mediated  by  hormonal  or 
other  age-related  factors  but  is  unrelated  to  dose.  It  is  as  yet  impossible 
to  determine  whether  an  absolute  or  relative  risk  model  more  correctly 
describes  the  relationship  between  spontaneous  and  radiation-induced 
breast  cancer. 

5.  The  analysis  of  the  patients  who  received  multiple  fluoroscopies 
reaffirms  that  repeated  relatively  low  radiation  doses  pose  some  future 
risk  of  breast  cancer,  that  the  risk  may  be  cumulative,  and  that  a  woman's 
lifetime  risk  of  breast  cancer  may  be  determined  in  large  part  during  her 
reproductive  years.  In  addition,  it  was  found  that  exposures  around 
menarche  and  during  first  pregnancy  appear  especially  hazardous  and 
suggest  that  proliferating  breast  tissue  may  be  particularly  sensitive  to 
the  carcinogenic  effects  of  radiation. 

5.   Additional  studies  have  been  conducted  on  the  TB-fluoroscopy  patients. 
The  estimation  of  breast,  lung,  stomach,  pancreas,  and  bone  marrow  doses 
from  fluoroscopy  has  been  refined  and  a  mortality  analysis  performed.  No 
excess  of  total  cancer  deaths,  leukemia,  lung  cancer,  or  lymphoma  was 
seen  among  fluoroscopically  examined  women.  The  mortality  analysis  is 
meaningful  to  the  extent  that  upper  levels  of  radiation  risk  might  be 
excluded:  7.5  deaths/106WY-rad  for  leukemia,  1.5  deaths/1 06WY-rad  for 
lung  cancer,  and  2.6  deaths/1 06WY- rad  for  lymphoma. 
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7.  Breast  cancer  is  the  only  radiation- induced  cancer  among  A-bomb 
survivors  for  which  the  evidence  about  the  RBE  (relative  biological 
effectiveness)  of  neutrons  is  reasonably  clear.  A  linear  dose-response 
with  constant  RBE  close  to  1  is  suggested,  and  markedly  curvilinear 
dose-response  curves  for  low-LET  radiation  and  RBE  values  greater  than 
about  5  are  inconsistent  with  the  data.  For  leukemia  the  data  are  equally 
consistent  with  a)  a  linear  dose  response  to  both  gamma  rays  and  neutrons, 
with  a  constant  RBE  of  10,  b)  a  response  linear  in  neutron  dose  but  pure 
quadratic  in  gamma  dose  with  RBE  =  40/! Dn,  where  Dn  denotes  dose  in  rads, 
and  c)  a  dose-response  linear  in  neutron  dose  but  linearquadratic  in 
gamma  dose,  with  RBE  increasing  with  decreasing  neutron  dose  to  a  limit 

of  23  at  Dn  =  0.  For  other  types  of  cancer  the  evidence  is  highly  equivocal, 
generally  suggesting  high  values  for  neutron  RBE  but  with  standard  errors 
larger  than  the  estimate  themselves. 

8.  The  excess  cancer  mortality  and  related  findings  in  the  Hanford 
Plutonium  workers  by  Mancuso,  Stewart,  and  Kneale  (Health  Physics 
33:369-384,  1977)  are  flawed  by  failure  to  adjust  for  possible  confounding 
factors  such  as  age  at  death  and  date  of  death,  and  by  ad  hoc  analytic 
procedures  that  could  not  be  justified;  however,  excess  mortality  from 
pancreatic  cancer  and  multiple  myeloma  was  also  found  by  the  reanalysis 
undertaken  at  the  request  of  DOE. 

9.  A  study  of  135  patients  irradiated  for  Ewing's  Sarcoma  showed  a 
small  excess  of  osteosarcoma,  attributed  to  the  high  dose  radiotherapy. 

10.  Among  30,000  cervical  cancer  patients,  treated  in  9  countries  and 
followed  clinically  with  blood  studies,  no  excess  of  leukemia  was  observed, 

'   although  the  mean  bone  marrow  doses  were  large  and  a  substantial  excess 
was  predicted.  Among  28,490  women  treated  with  intracavitary  radium, 
external  radiation  or  both,  13  cases  of  leukemia  were  observed  against 
15.5  expected.  A  two-fold  risk  could  be  included  but  a  1.4- fold  risk 
remained  possible.  In  absolute  terms,  risks  larger  than  0.1  leukemia 
cases  per  106WY-rad  could  be  excluded.  The  absence  of  an  effect  suggests 
that  a)  high  doses  to  small  volumes  of  bone  marrow  may  cause  substantial 
cell-killing  and  minimal  cell  transformation;  b)  patients  may  not  have 
been  followed  long  enough  to  observe  an  effect  since  A-bomb  studies 
indicate  a  longer  latent  period  for  older  persons;  and/or  c)  women  may  be 
less  sensitive  than  men  to  radiogenic  leukemia.  A  deficit  of  chronic 
lymphocytic  leukemia  was  observed  suggesting  that  radiation  may  not  be  a 
cause  of  this  disease.  A  statistically  significant  deficit  of  multiple 
myeloma  was  also  found.  Doses  to  body  sites  outside  the  pelvic  area  from 
radium  are  low  (1-100  rad)  and  can  be  accurately  determined. 

11.  Analyses  in  terms  of  statistical  power,  and  probabilities  of  excessively 
high-risk  estimates  show  that  epidemiologic  studies  of  large  populations 
exposed  to  very  low  levels  of  radiation  are  not  only  likely  to  be  unproductive, 
but  they  also  involve  significant  risks  of  yielding  highly  misleading 
results.  At  the  same  time,  uncertainties  about  dose-response  curves, 
especially  at  low-dose  levels,  and  about  the  relative  effects  of 
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high-LET  and  low-LET  radiations  impede  efforts  to  estimate  low-dose  risk 
from  data  obtained  on  populations  exposed  to  higher  doses.  Only  breast 
cancer  and  leukemia  (and  possibly  thyroid  disease)  which  have  been  intensive^ 
studied  at  the  level  of  incidence,  are  amenable  to  any  but  the  simplest 
dose-response  analyses  at  the  present  time. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Information  about  the  carcinogenic  effects  of  radiation  is  required  in 
order  to  minimize  risk  while  taking  advantage  of  benefits  in  medical, 
economic,  and  recreational  activities.  Epidemiologic  data  relating 
cancer  incidence  and  mortality  to  radiation  exposure,  especially  with 
good  information  on  dose  and  timing  of  exposure,  can  influence  theories 
of  carcinogenesis  and  motivate  useful  experimental  research. 

Proposed  Course:  Although  radiation  is  generally  assumed  to  cause  cancers 
of  practically  all  sites,  the  causal  relation  is  firmly  established  for  a 
fairly  limited  number.  Studies  of  large  groups  of  patients  exposed  to 
medical  radiation,  such  as  the  cervical  cancer  patients  now  being  followed 
by  the  Branch,  offer  some  promise  of  establishing  new  radiogenic  cancers, 
strengthening  the  evidence  for  others,  and  quantifying  risk  with  additional 
precision.  Once  a  cancer  has  been  identified  as  a  radiation  effect, 
interest  focuses  on  the  way  in  which  risk  depends  on  dose,  fractionization 
and  protraction  of  exposure,  type  of  radiation,  the  influence  of  host 
factors  such  as  age  at  exposure,  and  interactions  with  other  risk  factors. 
Exposure  to  ionizing  radiation  is  a  necessary  consequence  of  many  activities 
associated  with  medical  treatment  and  diagnosis,  energy  production,  and 
mining  and  manufacturing;  therefore,  it  is  not  enough  to  know  that  radiation 
can  cause  cancer  of  certain  sites.  It  is  necessary  to  describe  quantitativel 
the  relationship  between  radiation  and  cancer  risk  so  that  risks  can  be 
weighed  against  the  benefits  associated  with  radiation  exposure.  Ongoing 
studies  of  A-bomb  survivors,  TB-fluoroscopy  patients,  patients  irradiated 
for  enlarged  tonsils,  for  breast  cancer  disease,  or  for  treatment  of 
cervical  and  ovarian  cancer,  and  of  occupational ly  exposed  groups,  as 
described  above,  may  provide  information  which  will  refine  risk  estimates. 
Although  the  mechanisms  of  radiogenic  cancer  are  not  well  understood, 
there  is  reason  to  believe  that  they  are  simpler  (or  purer)  than  those 
corresponding  to  chemical  carcinogenesis,  and  that  epidemiologic  investiga- 
tions of  irradiated  populations,  combined  with  a  knowledge  of  experimental 
radiation  carcinogenesis  and  radiobiological  theory,  is  a  promising  path 
to  eventually  understanding  carcinogenesis  in  general.  The  studies 
described  above  of  latent  period,  dose  response,  and  interactions  with 
host  factors  and  other  risk  factors  therefore  have  basic  implications  for 
theories  of  carcinogenesis.  It  is  hoped  that  the  planned  symposium  on 
radiation  carcinogenesis  may  contribute  insights  into  fundamental  mechanisms; 
of  carcinogenesis. 

The  TB-fluoroscopy  studies  will  continue.  The  previous  study  focuses  on 
the  risk  of  radiogenic  breast  cancer  in  young  women;  the  Harvard  contracted 
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study  is  evaluating  the  risk  of  radiogenic  breast  cancer  in  older  women. 
The  Section  is  also  studying  all  persons  treated  in  Massachusetts  with 
pneumothorax  and  associated  fluoroscopies  to  evaluate  the  risk  of  radiogenic 
lung  cancer  in  both  men  and  women.  A  contract  with  Yale  is  planned  to 
study  all  Connecticut  patients  in  an  attempt  to  evaluate  the  risk  of 
radiogenic  leukemia.  The  study  of  TB-fluoroscopy  patients  offers  an 
opportunity  to  evaluate  the  effect  of  doses  received  in  many  small  fractions 
over  a  period  of  years  in  contrast  to  acute  doses  delivered  at  one  point 
in  time.  The  study  of  low-dose  fractionated  exposures  that  result  in 
large  cumulative  doses  permits  an  alternative  to  studying  directly  the 
effects  of  low  total  doses  of  radiation.  The  latter  requires  prohibitively 
large  study  sizes.  This  indirect  approach  to  estimate  the  effects  of  low 
doses  has  been  recommended  because  such  studies  are  assumed  to  result  in 
linear  dose-effect  curves  based  on  theoretical  considerations. 

A  study  to  evaluate  the  risk  of  head  and  neck  malignancies  among  children 
irradiated  for  enlarged  tonsils  will  continue.  This  study  includes 
surgical  controls,  and  physical  examinations  are  planned  for  both  groups 
to  evaluate  the  efficacy  of  "callback"  programs  and  the  significance  of 
occult  tumors  found  at  screenings.  Also  continuing  will  be:  a  geographic 
correlation  study  linking  uranium  mill  tailing  deposits  with  cancer 
mortality  in  western  counties;  a  cancer  incidence  study  of  over  36,000 
patients  treated  with  radioactive  iodine  for  hyperthyroidism  (with  BRH/FDA); 
and  analysis  of  sputum  cytology  data  in  uranium  miners  (11).  Continuing 
studies  of  second  cancers  following  radiation  treatments  include  second 
cancers  following  irradiation  for  childhood  cancer,  leukemia  in  breast 
cancer  patients,  second  tumors  in  Hodgkin's  disease  patients,  and  second 
tumors  following  1-131  treatment  for  thyroid  cancer.  A  collaborative 
study  of  10,000  children  irradiated  for  ringworm  of  the  scalp  in  Israel 
will  be  initiated,  as  will  a  preliminary  mortality  and  incidence  study  of 
X-ray  technologists  and  feasibility  studies  of  radiation-induced  chromosome 
damage  following  multiple  chest  fluoroscopies  and  radiotherapy  for  cervical 
cancer. 

A  major  expansion  of  Radiation  Studies  is  planned  for  next  year.  Five 
professional  (three  Ph.D.  and  two  Masters  level)  epidemiologists-statisticians 
are  expected  to  be  hired. 

Statistical  investigations  will  continue  into  the  effects  on  carcinogenesis 
of  the  following  three  dimensions  of  exposure,  dose,  radiation  quality, 
and  fractionation  and  protraction  of  dose.  To  this  end,  experimental  as 
well  as  epidemiologic  data  will  be  analyzed.  A  much  closer  relationship 
is  planned  with  the  Radiation  Effects  Research  Foundation  in  Hiroshima, 
Japan.  In  addition  to  cooperative  epidemiologic  studies  of  A-bomb  survivors, 
statisticians  and  epidemiologists  from  the  section  will  spend  1-2  year 
tours  in  Hiroshima  on  a  rotational  basis,  as  staff  members  of  the  RERF 
Department  of  Epidemiology  and  Statistics. 


1201 


Z01-CP-04481-04-EEB       i 

Publications 

Boice,  J.D.,  Jr.,  Land,  C.E.,  Shore,  R.E. ,  Norman,  J.E.  ,  and  Tokunanga, 

M. :  Risk  of  breast  cancer  following  low-dose  radiation  exposure.  Radiology. 

131:  589-597,  1979. 

Land,  C.E.,  Boice,  J.D.,  Shore,  R.E.,  Norman,  J.E.,  and  Tokunanga,  M. : 
Breast  cancer  risk  from  low  dose  exposures  to  ionizing  radiation:  Results 
of  analysis  in  parallel  of  three  different  exposed  populations.  J.N.C. I. 
(In  press. ) 

Boice,  J.D.:  Multiple  Chest  Fluoroscopies  and  the  Risk  of  Breast  Cancer. 

In  Margison,  G.P.  (Ed.):  Advances  in  Medical  Oncology  Research  and  Education.. 

Oxford,  Pergamon  Press,  1979,  Vol.  1.  Carcinogenesisis,  pp.  147-156. 

Boice,  J.D.:  Breast  Cancer  Following  Repeated  Chest  Fluoroscopies.  In: 
Proceeding  of  Symposium  on  Biological  Effects,  June  6-8,  1979  Bureau  of 
Radiation  Health,  Rockvil le,  MD.  (In  press.)  \ 

Boice.  J.D.,  Monson,  R.R.,  and  Rosenstein,  M. :  Cancer  mortality  in  women 
after  repeated  fluoroscopic  examinations  of  the  chest.  Radiology.  (In 
press. ) 

Boice,  J.D.,  Hutchison,  G.B.,  and  Stone,  B.J.:  Leukemia  following  radiothere, 
for  cervical  cancer.  Am.  J.  Epidemiol.  110:  358,  1979. 

Boice,  J.D.  and  Hutchison,  G.B.:  Leukemia  following  radiotherapy  for 
cervical  cancer.  Ten-year  followup  of  an  international  study.  J.N.C. I. 
(In  press. ) 

Land,  C.E.  and  Beebe,  G.W. :  Radiation-induced  Cancer  in  Atomic  Bomb 
Survivors.   In  Margison  G.P.  Ed.:  Advances  in  Medical  Onocology,  Research 
and  Education.  Oxford,  Pergamon  Press,  1979,  Vol.  1,  Carcinogenesis,  pp. 
125-135. 

Land,  C.E.:  Late  Effects  Among  A-bomb  Survivors:  The  Role  of  Neutrons. 
In:  Proceedings  Fifteenth  Annual  Meeting  of  the  National  Council  on 
Radiation  Protection  and  Measurements.  (In  press.) 

Beebe,  G.W.  and  Land,  C.E.:  Comments  on  leukemia  risk  from  neutrons. 
Health  Phys.  36:  465-466,  1979. 

Mason,  T.J.  and  Prorok,  P.C:  An  analysis  of  sputum  cytology  data  of 
uranium  miners  controlling  for  radiation  exposure  and  cigarette  smoking. 
Environ.  Rev.  (In  press.) 

Greene,  M.H.,  Glaubiger,  M.L.  ,  Mead,  G.D.,  and  Fraumeni ,  J.F.,  Jr.: 
Subsequent  cancer  in  patients  with  Ewing's  sarcoma.  Cancer  Treat.  Rep. 
63:  2043-2046,  1979. 


1202 


Z01-CP-04481-04-EBV 

Hutchison,  G.B.,  MacMahon, -B. ,  Jablon,  S.  ,  and  Land,  C.E.:  Review  of 
report  by  Mancuso,  Stewart,  and  Kneale  of  radiation  exposure  of  Hanford 
workers.  Health  Phys.  37:  207-220,  1979. 

Boice,  J.D.  and  Land,  C.E.:  Ionizing  Radiation.  In:  Schottenfeld,  D.  and 
Fraumeni ,  Jr.:  Cancer  Epidemiology  and  Prevention.  Philadelphia,  W.B. 
Saunders.  (In  press. ) 

Boice,  J.D.:  Cancer  following  medical  irradiation.  Cancer.  (In  press.) 

Land  C.E.:  A-bomb  Survivor  Studies,  the  Immune  System,  and  Epidemiology 
of  Radiation  Carcinogenesis.  European  Organization  for  Research  on  Treatment 
of  Cancer:  Proceedings  of  the  International  Symposium  on  Immuno-Pharmacologic 
Effects  of  Radiotherapy.  Montpellier,  France.  March  13-15,  1980.  New 
York,  Raven  Press,  {in   press. ) 

Land.C.E.:  Cancer  risk  from  low  dose  of  ionizing  radiation:  Disagreements 
over  levels  of  risk  stem  from  difficulties  fundamental  to  logic  of  inference 
from  observational  data.  Science.  (In  press.) 

Land,  C.E.:  Low-dose  radiation — A  cause  of  breast  cancer?  Cancer.  (In 
press. ) 

Heath,  C.W. ,  Jr.,  Bates,  R.R.,  Chase,  H.C.,  Donati ,  Jr.,  M. ,  Ellett, 
W.H.,  Felsing,  W.A. ,  Land,  C.E.,  Boice,  J.D.,  Jr.,  et  al . :  Report  of  the 
Work  Group  on  Science  of  the  Interagency  Task  Force  on  the  Health  Effects 
of  Ionizing  Radiation.  Washington,  D.C.,  Department  of  Health,  Education 
and  Welfare,  1979. 

Boice,  J.D.:  Techniques  of  detecting  and  determining  risks  from  low-level 
radiation.  Am.  J.  Forensic  Med.  Path.  (In  press.) 

Blot,  W.J.:  Long-term  Effects  of  Radiation  Upon  the  Human  Fetus.  In 
Queenan,  J.,  (Ed.):  High  Risk  Pregnancy.  New  York,  McGraw  Hill.  (In 
press.) 

Hemplemann,  L.H.,  Jr.,  Boice,  J.D.,  Bond,  V.P.,  Dodd,  G. ,  Hodges,  P., 

Land,  C.E.,  et  al.:  National  Council  on  Radiation  Protection  and  Measurements. 

Mammography.  Report  of  NCRP  Scientific  Committee  #56. 

Radford,  E.P.,  Abrahamson,  S. ,  Beebe,  G.W. ,  Bender,  M.A. ,  Brill,  A.B., 
Brown,  R.F.,  Cleary,  S.F.,  Comar,  C. L. ,  Denniston,  C.  ,  Fabrikant,  J.I., 
Ingram,  M. ,  Land,  C.E.,  et  al . :  Report  of  the  Committee  on  the  Biological 
Effects  of  Ionizing  Radiation  (The  BEIR  III  Report).  National  Academy  of 
Sciences-National  Research  Council.  The  Effects  on  Population  of  Exposure 
to  Low  Levels  of  Ionizing  Radiation.   U.S.  Govt.  Print  Off.,  Washington, 
D.C. 

Koshland,  D.E.,  Jr.,  Land,  C.E.,  et  al . :  Academy  Forum:  Nuclear  Radiation: 
How  Dangerous  is  it?  September  27,  1979.  National  Academy  of  Sciences, 
Washington,  D.C.  1979. 

1203 


'I 


Z01-CP-04481-04-EEB  ., 

Upton,  A.C.,  Stonehill,  E.H.,  Mclndoe,  D.W. ,  Burr,  W.W. ,  Weyzen,  W. , 
Frederick,  C.J.,  Locke,  B.Z.,  Munson,  M. ,  Heath,  C.W. ,  Jr.,  Caldwell, 
G.G.,  Robbins,  A.,  Falk,  H.  ,  Villforth,  J.C,  Silverman,  C.  ,  Lowe,  C.U., 
Beebe,  G. ,  Brodie,  D. ,  Carrese,  L.M. ,  Day,  R.S.,  Glatstein,  E. ,  Land, 
C.E.,  et  al.:  Committee  on  Federal  Research  into  the  Rinlogiral  Fffprt<; 
of  Ionizing  Radiation:  Follow-up  Studies  on  Biological  and  Health  Effects 
Resulting  from  the  Three  Mile  Island  Nuclear  Power  Plant  Accident  of 
March  28,  1979.  NIH  Publ.  79-2065,  Bethesda,  Md. ,  Off.  Dir. ,  Natl.  Inst. 
Health,  19/9. 


Upton,  A.C.,  Stonehill,  E.H.,  Mclndoe,  D.W. ,  Burr,  W.W. ,  Weyzen,  W. , 
Frederick,  C.J.,  Locke,  B.Z. ,  Munson,  M. ,  Heath,  C.W. ,  Jr.,  Caldwell, 
G.G.,  Robbins,  A.,  Falk,  H.  ,  Villforth,  J.C,  Silverman,  C.  ,  Lowe,  C.U., 
Beebe,  G. ,  Brodie,  D. ,  Carrese,  L.M. ,  Day,  R.S.,  Glastein,  E. ,  Land, 
C.E.,  et  al.:  Committee  on  Federal  Research  into  the  Biological  Effects 
of  Ionizing  Radiation:  Consideration  of  Proposed  Chromosome  Studies  in 
the  Population  Near  Three  Mile  Island.  NIH  Publ.  79-2066,  Bethesda,  Md. , 
Off.  Dir.,  Natl.  Inst.  Health,  1979. 

Blot,  W.J.:  Long  term  effects  of  radiation  upon  the  human  fetus.  In 
Queenan,  J.  (Ed.):  High  Risk  Pregnancy.  New  York,  McGraw  Hill.  (In  press). 


I 


1204 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space; 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


Z01-CP-05128-01-EEB 


PERIOD  COVERED  ,     ^       ^       i.  on       1  oon 

October  1,  1979  through  September  30,  1980 


TITLE  OF  PROJECT  (80  characters  or  less) 

Nutritional  Factors  in  Cancer  Etiology 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 

Ziegler       Cancer  Expert 


TITLES  OF   PRINCIPAL   INVESTIGATORS  AND  ALL  OTHER 


PT: 
Other ; 


R.G. 
R.N. 
W.J. 
J.F. 
L.W. 
B.J. 
J.H. 
L.S. 
L.E. 
T.J. 
M.H. 
W.A. 
D 


Hoover  Head,  Environmental  Studies  Section 

Blot  Head,  Analytical  Studies  Section 

Fraumeni,  Jr.  Chief,  Environmental  Epidemiology  Br. 

Pickle  Staff  Fellow 

Stone  Mathematician 

Lubin  Staff  Fellow 

Mendelsohn  Epidemiologist 

Morris  Epidemiologist 

Mason  Head,  Population  Studies  Section 

Greene  Clinical  Investigator 

Blattner  Clinical  Investigator 

Mueller  Epidemiologist  Research  Assistant 


EEB  NCI 
EEB  NCI 
EEB  NCI 
EEB  NCI 
EEB  NCI 
EEB  NCI 
EEB  NCI 
EEB  NCI 
EEB  NCI 
EEB  NCI 
EEB  NCI 
EEB  NCI 
EEB  NCI 


COOPERATING  UNITS  (if  any)  National  center  Tor  Health  itatisxics;  Cross  cancer 
Institute,  Alberta,  Canada;  New  Jersey  Department  of  Health;  University  of 
Texas  School  of  Public  Health;  National  Aging  Institute;  Kaiser  Foundation 
Research  Institute;  Louisiana  State  University 

lab/branch 
Environmental  Epidemiology  Branch 


SECTION 

Environmental  Studies  Section 


INSTITUTE  AND  LOCATION 

NCI.  NIH.  Bethesda,  MP 


20205 


TOTAL  MANYEARS: 

1.7 


PROFESSIONAL: 

1.5 


0.2 


CHECK  APPROPRIATE  BOX(ES) 
\^   (a)   HUMAN  SUBJECTS 

□  (al)  MINORS   |Xl  (a2)  INTERVIEWS 


D  (b)  HUMAN  TISSUES 


n  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Included  in  this  project  are  a  number  of  epidemiological  studies  on  diet 
and  cancer.  Exposures  being  assessed  in  human  populations  include  broad 
dietary  patterns,  such  as  diets  high  in  fat  or  meat;  nutritional  status,  such 
as  low  vitamin  A  or  vitamin  C  intake;  metabolic  indices,  such  as  low  serum 
cholestrol ;  specific  food  groups,  such  as  the  Brassica  vegetables,  food 
additives;  cooking  practices;  ethinic  foods;  etc.  Cancers  being  studied  include 
those  of  the  colon,  rectum,  breast,  esophagus,  and  lung.  Case-control  studies 
have  been  initiated  in  areas  with  usually  high  rates  of  presumably  diet-related 
cancers  and  in  communities  of  immigrants  whose  cancer  rates  have  been  changing 
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l_  and  H.  a^e  being  analyzed  to  provide  descriptive  baseline  information  on 
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IT^-   .-       \ZQ5        


PHS-6040 
(Rev.  10-76) 


ZOl-CP-05128-Ol-EEB 
Project  Description 

Objectives:  1)  To  assess  in  human  populations  the  relationship  of 
cancer  to  dietary  patterns,  nutritional  status,  and  consumption  of  specific 
food  groups  and  food  additives,  including  not  only  the  role  of  diet  in 
initiating  and  promoting  tumors,  but  also  in  reducing  cancer  risk.  Such 
assessment  involves  exploring  for  as  yet  unsuspected  associations  between 
diet  and  cancer  and  testing  associations  suggested  by  clinical  observations, 
animal  studies,  and  biochemical  experiments. 

(2)  To  carefully  structure  epidemiological  studies  that  can  narrow  and 
make  more  specific  the  broad  associations  between  dietary  patterns  and 
cancer  suggested  by  international  correlations  and  other  exploratory 
epidemiological  studies. 

(3)  To  elucidate  the  basic  biology  of  carcinogenesis  through  studying  in 
human  populations  the  influence  of  diet  on  cancer,  whether  direct  or 
indirect  via  intermediary  metabolism,  the  endocrine  system,  or  the  immune 
system. 

(4)  To  develop  methods  for  nutritional  epidemiology,  including  dietary 
interviews,  laboratory  tests,  and  statistical  methods  of  analysis. 

Studies  and  Methods  Employed:  (1)  A  case-control  interview  study  in  two 
rural  counties  of  Nebraska  with  especially  high  colon  and  rectum  cancer 
mortality  rates  and  a  large  number  of  people  of  Czech  ancestry  are  now 
being  analyzed.  Among  ethnic  groups  in  the  U.S.,  Czechs  have  the  second 
highest  colon  cancer  mortality.  Food  frequencies  and  family  history,  as 
well  as  information  on  other  exposures  were  collected  in  order  to  assess 
whether  the  Czechs  are  at  risk  because  of  genetics  or  diet  or  both. 
Westat,  Inc.,  conducted  the  field  work.  Other  aspects  of  this  study  are 
described  in  Project  Z01-CP-04779-04-EEB,  Field  Studies  in  High  Risk 
Areas. 

(2)  A  case-control  next-of-kin  interview  study  of  esophageal  cancer  in 
Washington,  D.C.,  blacks,  for  whom  this  is  the  third  major  cause  of 
cancer  mortality,  is  now  being  analyzed.  The  interaction  of  nutritional 
deficiencies  with  alcohol  and  tobacco  consumption  in  the  etiology  of 
esophageal  cancer  is  being  evaluated.  Westat,  Inc.,  conducted  the  field 

work.  Other  aspects  of  this  study  are  described  in  Project  Z01-CP-04779-04-EEB, 
Field  Studies  in  High  Risk  Areas. 

(3)  A  case-control  interview  study  of  breast  cancer  in  Alberta,  Canada, 
conducted  in  collaboration  with  Cross  Cancer  Institute,  Edmonton,  is  now 
being  analyzed.  Breast  cancer  rates  in  Alberta  are  among  the  highest  in 

the  world.  Principal  component  analysis  is  being  used  to  generate  indicators' 
of  general  dietary  patterns.  Other  aspects  of  this  study  are  described 
in  Project  Z01-CP-Q4779-04-EEB,  Field  Studies  in  High  Risk  Areas. 

(4)  With  HANES  I,  the  first  Health  and  Nutrition  Examination  Survey  of 
the  United  States,  1971-75,  the  National  Center  for  Health  Statistics 
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assessed  the  nutritional  status  of  13,000  representative  American  adults. 
Dietary  and  related  biochemical  information  from  this  study  are  being 
compared  with  the  county  mortality  rates  for  cancer  at  different  sites  to 
see  whether  regional  patterns  of  diet  within  the  U.S.  correlate  with  the 
observed  regional  patterns  of  cancer.  In  order  to  assess  regional  variation 
in  diet  throughout  the  U.S.,  a  regression  of  HANES  I  food  and  nutrient 
intake  data  is  being  run  on  sex,  race,  age,  income,  and  region.  ORI, 
Inc.,  is  assisting  with  the  statistical  analysis. 

(5)  HANES  I  data  is  also  being  utilized  for  studies  of  nutritional 
epidemiology  methodology.  The  correlation  and  clustering  of  all  the 
different  food  and  nutrient  variables  is  being  analyzed  so  that  in  future 
studies  confounding  by  associated  dietary  variables  can  be  assessed  and 
controlled.  Also,  a  list  of  the  specific  foods  eaten,  and  the  major 
foods  contributing  to  intake  of  each  nutrient,  are  being  compiled  for  the 
U.S.  population,  categorized  by  sex,  age,  race,  and  region.  Such  lists 
will  facilitate  the  development  of  pertinent  dietary  questionnaires. 
Also,  dietary,  biochemical,  and  any  other  pertinent  measures  of  intake  of 
a  particular  nutrient  are  being  compared.  ORI,  Inc.,  is  assisting  with 
the  statistical  analysis. 

(6)  The  Environmental  Epidemiology  Branch,  in  cooperation  with  other  NIH 
Institutes  and  the  National  Center  for  Health  Statistics,  is  preparing  to 
trace  and  interview,  all  the  adults,  if  still  living,  examined  in  HANES 
I.  The  pretest  this  fall  of  the  follow-up  mechanism  was  successful. 
Such  a  followup  over  time  would  generate  enough  cancer  cases  and  deaths 
at  the  most  common  sites  to  permit  an  analysis  of  associations  between 
dietary  patterns  and  cancer.  Continued  followup  of  the  cancer  mortality 
of  the  HANES  cohort  will  be  possible  through  the  National  Death  Index. 

(7)  A  death  certificate  based  case-control  study  is  being  designed  to 
scrutinize  what  seems  to  be  a  relatively  rapid  reduction  in  cancer  risk 
on  migration  to  Florida,  quite  possibly  related  to  a  change  in  diet.  The 
U.S.  cancer  maps  that  the  Environmental  Epidemiology  Branch  has  generated 
reveal  that  counties  in  the  South  have  lower  colon,  rectum,  and  breast 
cancer  mortality  rates  than  counties  in  the  Northeast  and  North  Central 
states,  even  when  income  and  county  population  are  controlled.  Despite 
the  very  large  numbers  of  Northerners  who  retire  to  Florida,  retirement 
areas  in  Florida  seem  to  retain  the  low  cancer  rates  of  the  South,  even 
in  the  older  age  brackets.  The  study  planned  will  permit  estimates  to  be 
made  of  the  extent  to  which  cancer  risk  is  reduced  on  migration,  how  long 
a  residence  in  Florida  is  required,  and  whether  cancer  risk  is  similarly 
reduced  for  people  of  different  ages,  sex,  socioeconomic  class,  etc.  Two 
control  series,  one  drawn  from  the  current  population  and  one  drawn  from 
the  death  certificates,  will  be  used. 

(8)  A  case-control  interview  study  of  lung  cancer  in  New  Jersey,  in 
collaboration  with  the  New  Jersey  Department  of  Health,  will  incorporate 

a  detailed  dietary  questionnaire  which  was  carefully  designed  to  determine 
whether  vitamin  A  or  carotene  or  a  subclass  of  fruits  and  vegetables  or 
some  other  correlate  is  primarily  associated  with  a  reduction  in  cancer 
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risk.  The  vitamin  A  hypothesis  is  based  primarily  on  animal  studies  and 
in-vitro  experiments.  Although  several  epidemiological  studies  have 
shown  an  association  between  reduced  cancer  risk  and  consumption  of 
vegetables  and  fruits,  the  studies  have  not  been  detailed  enough  to 
distinguish  the  principal  dietary  variable.  In  addition,  the  New  Jersey 
study,  along  with  a  parallel  case-control  study  of  lung  cancer  along  the 
Gulf  Coast  of  Texas  in  collaboration  with  the  University  of  Texas  School 
of  Public  Health,  will  evaluate  the  interaction  between  smoking,  occupational 
exposure,  and  pollution,  which  are  presumptive  initiators  of  lung  cancer, 
and  diet,  which  may  alter  risk  at  a  later  stage  of  tumorigenesis. 

(9)  A  number  of  prospective  cohort  studies,  designed  to  follow  the 
development  of  coronary  heart  disease,  have  noted  an  inverse  association 
between  serum  cholesterol  and  cancer.  The  small  number  of  cancer  cases 

in  the  various  studies  prevented  a  detailed  analysis.  Several  case-control 
studies  of  cancer  at  common  sites  that  will  include  serum  cholesterol 
levels  measured  prior  to  clinical  onset  are  being  set  up  in  collaboration 
with  the  Kaiser  Foundation  Research  Institute.  One  objective  is  to  test 
the  hypotheses  concerning  the  inverse  association  in  a  population  that  is 
sufficiently  homogeneous  in  lifestyle  for  serum  cholesterol  to  represent 
primary  differences  in  diet  and  not  multiple  differences  in  lifestyle. 
Another  objective  is  to  assess  the  representativeness  of  the  other  risk 
factors  associated  with  the  observed  cancers. 

(10)  A  case-control  interview  study  of  lung,  pancreas,  and  stomach 
cancer  in  southern  Louisiana,  in  collaboration  with  Louisiana  State 
University  and  now  in  the  field,  includes  a  dietary  component.  Acadian 
culture,  and  possibly  its  associated  diet,  is  a  suspected  risk  factor. 
Other  aspects  of  this  study  are  described  in  Project  Z01-CP-04779-04-EEB, 
Field  Studies  in  High  Risk  Areas. 

Major  Findings:  (1)  The  study  of  the  elevated  colon  and  rectal  cancer 
rates  in  two  predominately  Czech-ancestry  counties  in  Nebraska  showed 
that  colon  cancer  was  concentrated  among  the  Czechs.  Family  history  of 
large  bowel  cancer  was  not  elevated  among  the  Czech  cases.  However, 
colon  cancer  among  the  Czechs  was  associated  with  a  high  intake  of  fat 
and  dairy  products.  Thus,  Czechs  seem  to  be  at  risk  more  because  of  diet 
than  because  of  genetics.  Vitamin  A  intake,  whether  through  food  or 
vitamins,  was  associated  with  reduced  risk  of  cancer. 

(2)  The  case-control  study  of  esophageal  cancer  in  Washington,  D.C., 
blacks  has  shown  that  as  alcohol  consumption  increased,  and  the  risk  of 
cancer  increased,  intake  of  calories,  protein,  and  micronutrients  (vitamins 
and  minerals)  concurrently  declined.  The  median  consumption  of  alcohol 
among  the  cases  provided  approximately  40%  of  the  daily  caloric  requirement. 

(3)  The  case-control  study  of  breast  cancer  in  Alberta,  Canada,  asked 
about  the  consumption  of  only  a  few  foods.  Breast  cancer  risk  was  positively 
associated  with  beef,  pork,  dairy  products,  and  eggs  and  negatively 
associated  with  fish  and  poultry.  Though  these  foods  are  not  to  be 
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considered  causes  of  cancer  per  se,  these  associations  are  assumed  to 
indicate  different  dietary  patterns  in  cases  and  controls. 

(4)  In  preparation  for  the  case-control  study  in  retirement  areas  in 
Florida,  age-specific  mortality  curves  for  1970-75  for  Florida  retirement 
areas  were  generated  and  suggested  the  same  rapid  reduction  in  risk  on 
migration  that  the  1950-69  curves  had  indicated. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
General  dietary  patterns,  nutritional  status,  and  specific  foods  and  food 
additives  are  being  recognized  as  plausible  causes  of  cancer.  The  American 
people  seek  guidance  on  diets  to  minimize  their  chances  of  cancer,  and 
Congress  and  the  Executive  Branch  question  what  should  be  regulated. 
Epidemiological  studies  of  diet  and  cancer  can  form  a  rational  basis  for 
such  public  policy.  Such  studies  are  needed  to  test  in  human  populations 
the  conclusions  of  animal  studies,  in  vitro  experiments,  and  clinical 
observations.  In  addition,  nutritional  epidemiology  also  reveals  broad 
associations  between  dietary  patterns  and  cancer,  which  can  then  serve  as 
the  basis  for  further  laboratory  research  and  further  analytical  epidemiology. 

Certain  diets  and  foods  seem  able  to  initiate  carcinogenesis;  others  seem 
able  to  promote  it,  while  still  others  seem  able  to  reduce  cancer  risk. 
Their  mechanism  of  action  can  be  direct  through  interaction  with  DNA,  or 
indirect  through  altering  metabolic  pathways  or  cell  regulation,  or 
indirect  through  the  endocrine  or  immune  systems.  Further  research  on 
diet  and  cancer,  in  which  both  epidemiology  and  laboratory  science  must 
cooperate,  could  reveal  basic  insights  into  these  mechanisms  and  the 
biology  of  carcinogenesis. 

Proposed  Course:  (1)  The  once  high  colon  and  rectal  cancer  mortality 
rates  in  the  two  predominately  Czech-ancestry  counties  in  Nebraska  have 
now  declined.  Current  mortality  rates  for  these  cancers  among  Americans 
of  Czech  descent  will  be  calculated  to  see  whether  this  ethnic  group 
remains  at  high  risk  and  continues  to  be  an  important  resource  for  studies 
of  colon  cancer  etiology. 

(2)  The  analyses  with  HANES  I  (1971-75)  data  from  the  National  Center 
for  Health  Statistics  will  be  continued.  If  appropriate,  similar  analyses 
will  be  performed  with  HANES  II  (1976-80)  and  with  the  U.S.  Department  of 
Agriculture  food  consumption  survey.  In  FY  1981,  the  repeat  interview 
for  the  HANES  I  followup  will  be  pretested  and  evaluated,  and  actual 
followup  will  begin. 

(3)  Based  on  the  results  of  the  death  certificate  based  case-control 
study  in  Florida,  a  detailed,  diet-oriented  case-control  study  of  incident 
cases  will  be  initiated,  to  search  for  the  cause  of  the  observed  reduction 
in  risk.  The  dietary  interview  will  be  complemented  by  biochemical 
measures  of  nutritional  status  and  fecal  mutagenicity  assays.  Two  control 
series,  one  drawn  from  Florida  and  one  drawn  from  those  areas  in  the 
North  that  the  retirees  left,  will  be  used. 
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(4)  As  the  use  of  the  detailed  dietary  questionnaire  in  a  subset  of  the 
New  Jersey  lung  cancer  cases  and  controls  progresses,  a  decision  will  be 
made  on  whether  to  use  the  detailed  questionnaire  in  the  Texas  lung 
cancer  study,  in  order  to  test  the  New  Jersey  results  in  an  area  with 
different  dietary  patterns. 

Publications 

Ziegler,  R.G.,  Blot,  W.J.,  Hoover,  R. ,  Blattner,  W.A. ,  and  Fraumeni, 

J.F. ,  Jr.:  Nutritional  factors  and  the  low  risk  of  colon  cancer  in  southern 

retirement  areas:  A  study  protocol.  Cancer  Res.  (In  press.) 
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BOSTON  UNIVERSITY  MEDICAL  CENTER  (N01-CP-71Q29) 

Title:  A  Case-Control  Study  of  Carcinoma  of  the  Endometrium  in  Relation 
to  Lifetime  Exposure  to  Exogenous  Female  Hormones 

Contractor's  Project  Director:  Dennis  Slone,  M.D. 

Project  Officer  (NCI):  Robert  N.  Hoover,  M.D. 

Objectives:  To  assess  the  risk  of  endometrial  cancer  associated  with 
the  use  of  drugs  containing  female  hormonal  preparations,  primarily 
estrogens. 

Methods:  This  is  a  multi-institutional  case-control  study.  The  cases 
will  be  endometrial  cancer  cases  diagnosed  in  hospitals  in  Boston, 
Kansas  City,  and  Tucson  which  are  also  participating  in  the  large  FDA- 
sponsored  surveillance  of  adverse  drug  reactions.  Four  controls  are 
being  selected  for  each  case,  matched  to  the  case  for  age  and  race.  Two 
of  these  controls  are  women  hospitalized  for  acute  benign  conditions  and 
will  have  been  obtained  in  the  routine  collection  of  information  for  the 
FDA  study.  Two  other  controls  are  specifically  selected  as  women  with 
other  cancers,  excluding  those  of  the  breast  and  female  genital  tract. 
Lifetime  history  of  female  hormone  use,  for  a  variety  of  indications, 
will  be  obtained  for  both  cases  and  controls,  as  will  information  relating 
to  a  number  of  potential  confounding  factors.  The  pathology  specimens 
from  the  cases  will  be  submitted  to  a  pathologist  for  his  review  without 
knowledge  of  exposure  status.  In  situ  cancers  will  be  excluded  from 
this  study.  In  the  past  year  the  contract  was  supplemented  in  order  to 
include  a  case  series  of  ovarian  cancer  cases  so  that  any  risk  of  this 
disease  associated  with  female  hormone  use  could  also  be  assessed. 

Major  Findings:  The  case  and  control  ascertainment  and  interviewing 
portion  of  the  survey  is  reaching  its  conclusion.  Preliminary  analyses 
of  the  data  collected  thus  far  replicate  the  already  observed  association 
of  estrogens  with  risk  of  endometrial  cancer,  with  evidence  of  a  dose- 
response  relationship. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Drug  exposure  has  been  one  of  the  most  fruitful  areas  for  identification 
of  carcinogens  in  man  and  subsequent  opportunities  for  preventive  programs 
and  insights  into  biologic  mechanisms  in  cancer  etiology.  The  current 
massive  exposure  of  the  population  to  steroid  hormones  also  mandates  the 
appropriate  evaluation  of  the  long-term  health  effects  of  this  practice, 
particularly  in  view  of  recent  findings  associating  these  agents  with 
excess  risk  of  endometrial  cancer.  Two  points  need  particular  emphasis: 
(1)  information  on  a  large  enough  number  of  cases  so  that  risk  assessments 
could  be  made  specific  for  some  of  the  more  advanced  stages  of  this 
cancer;  and  (2)  large  enough  numbers  need  to  be  assessed  in  order  to 
evaluate  the  influence  of  other  agents  (oral  contraceptives)  and  other 
therapeutic  regimens. 
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Proposed  Course:  As  the  data  collection  is  completed,  analyses  will  be 
performed  with  special  emphasis  on  the  relative  risk  of  endometrial 
cancer  for  women  who  stopped  using  conjugated  estrogens  at  various 
intervals  prior  to  diagnosis. 

Date  Contract  Initiated:  May  1,  1977 

Current  Annual  Level:  $31 ,335 

BUREAU  OF  THE  CENSUS  (YQ1-CP-7Q501) 

Title:  County  Population  Estimates  by  Age,  Race  and  Sex  for  the  1970' s 

Contractor's  Principal  Investigator:  Richard  Engels 

Project  Officer  (NCI):  Thomas  J.  Mason,  Ph.D. 

Objectives:  This  agreement  covers  the  experimental  development  of 
estimating  methodology  and  the  preparation  of  estimates  of  the  resident 
population  for  all  United  States  counties  by  age,  race  and  sex  by  calendar 
year  from  1970  (July  1).  These  estimates  are  needed  between  the  actual 
years  in  which  the  census  is  taken  (1950,  1960,  1970,  1980,  etc.). 

Methods:  The  county  units  provided  will  either  be  identical  with  the 
umts  used  by  the  National  Cancer  Institute  in  its  publication  of  1950-69 
mortality  data,  or  subsets  thereof.  The  estimates  will  be  by  age  (5-year 
groups  to  85  years  and  over),  cross-classified  by  sex  and  race  (two 
groups:  White  and  Black  and  Other  Races).  The  initial  model  design 
will  produce  estimates  for  the  age  groups  65-69,  70-74,  and.  75  and  over, 
and  if  the  data  prove  to  be  of  acceptable  quality,  the  age  range  will  be 
extended  accordingly. 

Major  Findings:  The  contractor  has  provided  the  NCI  with  preliminary 
estimates  of  population  by  age,  race  and  sex  for  individual  counties  in 
the  United  States  by  calendar  year  from  1970  through  1977.  These  estimates 
are  currently  undergoing  testing  with  regard  to  their  compatibility  with 
earlier  population  estimates  which  have  been  utilized  by  the  NCI.   It  is 
currently  projected  that  estimates  for  county  populations  for  the  calendar 
year  1978  will  be  available  to  the  NCI  by  July,  1980. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

There  is  no  readily  available  source  of  population  estimates  at  the 

county  level  for  the  time  period  in  question,  1970  to  the  present. 

These  populations  are  vital  to  the  continuance  of  investigations  concerning 

the  geographic  distribution  of  malignancy  in  the  United  States  which  the 

Environmental  Epidemiology  Branch  has  developed  over  the  past  several 

years. 

Proposed  Course:  This  project  represents  the  first  step  in  a  program 
designed  to  produce  annual  population  estimates  on  a  regular  basis  in 
the  detail  specified,  so  as  to  meet  the  needs  of  the  National  Cancer 
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Institute.  A  continuing  relationship  with  the  National  Cancer  Institute 
in  reviewing  and  improving  the  estimating  methodology  is  foreseen,  and 
the  Bureau  of  the  Census  is  engaged  in  a  cooperative  effort  with  State 
agencies  to  improve  the  methodology  and  strengthen  the  estimates. 

Date  Contract  Initiated:  January  10,  1977 

Current  Annual  Level:  $30,000 

CENTER  FOR  DISEASE  CONTROL  (YOI-CP-00500) 

Title:  Epidemiologic  Studies  of  Cancer  in  Alaskan  Natives 

Contractor's  Project  Director:  Anne  P.  Lanier,  M.D. 

Project  Officer  (NCI):  Mark  H.  Greene,  M.D. 

Objectives:  To  study  the  incidence  of  cancer  in  Alaskan  natives  from 
1974  onward  and  the  mortality  from  cancer  in  Alaskan  natives  from  1960 
to  the  present;  to  investigate  several  striking  familial  aggregations  of 
cancer  in  Alaskan  natives,  particularly  nasopharyngeal  cancer  and  hepato- 
cellular carcinoma;  and  to  search  for  environmental  determinants  of 
nasopharyngeal  cancer,  with  particular  emphasis  on  the  presence  of 
nitrosamines  in  Alaskan  preserved  fish. 

Methods  Employed:  Newly-diagnosed  cancers  and  cancer  deaths  in  Alaskan 
natives  will  be  ascertained  through  the  facilities  of  the  Public  Health 
Service  Hospitals  in  which  virtually  all  Alaskan  natives  receive  their 
health  care.  The  data  will  be  collected  in  a  format  compatible  with  the 
SEER  Registries  to  permit  comparison  with  other  U.S.  populations. 
Cancer-prone  families  will  be  studied  in  collaboration  with  professionals 
from  the  Family  Studies  Unit  of  NCI's  Environmental  Epidemiology  Branch, 
utilizing  clinical  and  laboratory  protocols  tailored  to  the  malignancies 
to  be  evaluated.  This  will  include  hepatitis  B  and  Epstein-Barr  virus 
assays,  immunologic  and  genetic  tests,  and  other  serologic  markers  aimed 
at  uncovering  mechanisms  of  disease  susceptibility.  A  case-control 
study  of  nasopharyngeal  cancer  is  planned,  which  will  focus  on  dietary 
exposures  of  possible  etiologic  interest.  Samples  of  suspect  native 
food  items  will  be  assayed  for  the  presence  of  nitrosamines. 

Major  Findings:  Since  the  project  has  only  been  under  way  for  four 
months,  there  are  no  preliminary  findings  to  report.  Necessary  personnel 
have  been  hired,  a  SEER-compatible  abstract  form  designed,  population 
estimates  for  the  period  of  study  developed,  and  the  case-control  study 
interview  instrument  is  in  the  design  stages.  An  agreement  has  been 
reached  with  the  Eppley  Institute  in  Omaha  to  conduct  the  nitrosamine 
studies. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  projects  in  this  proposal  are  directed  toward  investigating  the 
unusual  patterns  of  cancer  in  the  culturally  and  geographically  unique 
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population  that  Alaskan  natives  represent  and  identifying  risk  factors 
for  these  cancers. 

Proposed  Course:  This  study  is  intended  to  cover  a  two-year  period. 
The  collection  of  morbidity  and  mortality  data  will  be  initiated  in  the 
first  year,  and  the  procedure  for  biologic  specimen  collection  from 
cancer-prone  families  developed.  A  selected  number  of  suspect  food 
items  will  be  submitted  for  nitrosamine  analysis.  Data  collection  will 
continue  in  the  second  year,  at  which  time  data  analysis  will  also 
begin.  The  case-control  study  will  also  be  completed  at  that  time. 

Date  Contract  Inititated:  December  17,  1979 

Current  Annual  Level:  $120,639 

CHAIM-SHEBA  MEDICAL  CENTER.  ISRAEL  (Number  to  be  assigned) 

Title:   Radiation  Risk  Estimation  in  Israeli  Children  Irradiated  for 
Tinea  Capitis 

Contractor's  Project  Director:   Baruch  Modan,  M.D. 

Project  Officer  (NCI):   John  D.  Boice,  Sc.D. 

Objectives:   To  determine  the  incidence  of  cancer  in  10,000  Israeli 
children  irradiated  for  ringworm  of  the  scalp,  in  10,000  nonexposed 
persons  selected  from  the  general  population  and  in  5,000  nonexposed 
siblings. 

Methods:   The  study  cohorts  have  previously  been  identified  from  immigra- 
tion records  (1949-60)  and  the  risk  of  thyroid  cancer  evaluated.  Medical 
records  in  all  Israeli  hospitals  and  records  available  in  the  Central 
Tumor  Registry  will  be  searched  to  determine  malignant  and  benign  tumors 
that  have  occurred  in  the  exposed  and  comparison  cohorts.  Detailed 
dosimetry  data  will  be  abstracted.  Death  certificates  will  be  obtained 
for  those  who  have  died  and  vital  status  as  of  1981  will  be  determined 
for  all  enrolled  persons. 

Major  Findings:   Not  applicable,  due  to  short  period  involved. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  study  of  patients  irradiated  for  benign  diseases  has  been  an  important 
area  for  evaluating  biological  mechanisms  for  carcinogenesis  in  man. 
The  minimal  confounding  effects  of  other  carcinogenic  influences  such  as 
smoking  or  occupation  and  the  possible  greater  susceptibility  of  young 
people  to  environmental  carcinogens  enhances  the  chances  of  detecting 
radiogenic  effects  and  provides  an  opportunity  for  life-time  studies  of 
cancer  incidence.  This  project  has  direct  relevance  to  the  Institute 
and  Federal  commitment  to  evaluate  the  adverse  health  effects  of  ionizing 
radiation. 
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Proposed  Course:   Data  collection  will  proceed  for  approximately  three 
years  followed  by  analysis  and  publication  of  study  findings. 

Date  Contract  Initiated:   Approximately  June  1,  1980 

Current  Annual  Level:   Approximately  $100,000 

CHILDREN'S  HOSPITAL,  PHILADELPHIA  (NOl-CP-91049) 

Title:   Late  Effects  of  Treatment  for  Cancer  in  Childhood 

Contractor's  Project  Director:   Anna  T.  Meadows,  M.D. 

Project  Officer  (NCI):   John  D.  Boice,  Sc.D. 

Objectives:   The  primary  objective  is  to  evaluate  the  potential  carcinogenic 
effects  of  various  modalities  (radiation  and  chemotherapy)  used  in  the 
treatment  of  childhood  cancers.  Other  objectives  are  to  evaluate  the 
interaction  of  therapy  and  genetic  predispositions  to  cancer,  determine 
incidence  and  histopathology  of  second  cancers,  and  evaluate  survival. 

Methods  Employed:   Using  the  resources  of  the  Late  Effects  Study  Groups, 
an  international  collaboration  involving  13  major  centers  for  childhood 
cancer  therapy,  a  case-control  study  of  approximately  200  individuals 
with  second  primary  cancer  is  underway.  Rosters  of  long-term  survivors 
of  childhood  cancer  are  to  be  prepared,  controls  randomly  selected  from 
this  roster,  therapy  information  abstracted  from  records,  and  detailed 
radiation  dosimetry  performed.  The  distribution  of  chemotherapeutic 
agents  and  radiation  treatments  between  cases  and  controls  will  be 
compared. 

Major  Findings:   Data  collection  is  ongoing  and  is  insufficient  for 
analysis,  therefore  there  are  no  major  findings  to  report.  Current 
progress  has  been  somewhat  behind  schedule,  since  only  approximately 
half  the  cases  of  children  who  developed  second  primary  cancer  have  been 
abstracted,  and  rosters  of  potential  controls  have  been  received  from 
only  7  of  the  13  centers  (April  11,  1980). 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  study  of  the  carcinogenesis  effects  of  anti-tumor  agents  and  radiation 
therapy  should  provide  insights  into  the  biological  mechanism  of  cancer 
etiology.  The  minimal  confounding  effects  of  other  carcinogenic  influences 
such  as  smoking  or  occupation  and  the  possible  greater  susceptibility  of 
young  people  to  environmental  carcinogens  enhance  the  chances  of  detecting 
increased  risks  due  to  therapy.  Assessment  of  the  carcinogenic  potential 
of  anti-tumor  agents  is  part  of  the  Institute's  overall  investigation  of 
possible  carcinogenic  actions  of  therapeutic  drugs. 

Proposed  Course:   The  above  procedures  will  be  continued.  The  rosters 

of  controls  will  be  completed,  controls  selected,  medical  records  abstracted 

and  radiation  dose  measurements  performed. 
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Date  Contract  Initiated:   September  30,  1979 
Current  Annual  Level:   $230,014 

EMORY  UNIVERSITY  (NOl-CP-81014) 

Title:  Collection  of  Interview  Data  to  Assess  Bladder  Cancer  Risk  and 
Exposure  Related  to  Textile  Production 

Contractor's  Project  Director:  Margaret  A.  Child,  M.D. 

Project  Officer  (NCI):  Robert  N.  Hoover,  M.D. 

Objectives:  To  investigate  the  role  of  exposure  related  to  textile 
production  in  the  etiology  of  human  bladder  cancer. 

Methods:  All  cases  of  bladder  cancer  diagnosed  from  January  1-December  31, 
1979,  in  greater  Atlanta  are  being  identified.  Controls  are  being 
selected  from  the  general  population.  The  interviewer  uses  a  questionnaire 
that  elicits  information  about  smoking,  occupation,  residence,  drinking 
water,  hair  dyes,  coffee,  artificial  sweeteners,  drugs  and  medical 
history. 

Major  Findings:  The  case  and  control  ascertainment  and  interviewing 
portion  of  the  survey  are  still  ongoing,  and  will  be  analyzed  later. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Study  addresses  the  possible  role  of  exposures  related  to  occupations  in 
the  textile  industry  in  human  bladder  cancer.  Although  it  has  been 
suggested  that  people  who  have  worked  in  the  textile  trades  are  at 
increased  risk  of  bladder  cancer,  the  existence  and  nature  of  such  an 
association  has  not  been  fully  explored.  The  investigation  of  possible 
occupational  carcinogens  is  one  of  the  Institute's  and  the  Branch's 
major  concerns. 

Proposed  Course:  Data  have  been  collected  and  are  being  analyzed. 

Date  Contract  Initiated:  May  1,  1979 

Current  Annual  Level:  0 

GEORGE  WASHINGTON  UNIVERSITY  (NOl-CP-81051) 
Title:  Study  of  Ovarian  Cancer  in  Greater  Washington,  D.C. 
Contractor's  Project  Director:   Larry  McGowan,  M.D. 
Project  Officer  (NCI):  Robert  N.  Hoover,  M.D. 
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Objectives:  To  investigate  the  role  of  exogenous  hormones  and  other 
factors  in  the  etiology  of  ovarian  cancer. 

Methods:  All  cases  of  ovarian  cancer  being  diagnosed  in  25  hospitals  in 
the  greater  Washington  area  (approximately  13  per  month)  are  being 
identified  as  they  occur  during  the  3-year  period  August  1,  1978-July  31, 
1981.  For  each  case,  a  control  is  drawn  of  the  same  age  and  race,  and 
discharge  from  the  same  hospital  at  approximately  the  same  date.  After 
the  subject  and  her  physician  have  given  permission,  the  subject  is 
interviewed  in  her  home.  The  interviewer  uses  a  questionnaire  that 
elicits  information  about  the  few  factors  known  to  relate  to  risk  of 
ovarian  cancer  (marital  status,  gravidity,  age  at  first  pregnancy, 
parity,  infertility)  and  many  factors  under  investigation  (hysterectomy; 
use  of  menopausal  estrogens,  oral  contraceptives  and  other  exogenous 
hormones;  occupational  exposures;  family  history  of  diseases;  childhood 
illnesses. ). 

In  addition  to  the  personal  interview,  questionnaires  mailed  to  subjects' 
physicians  and  independent  review  of  the  tumor  tissue  provide  information 
for  analysis.  The  mailed  questionnaires  permit  us  to  verify  exposures 
to  exogenous  estrogens.  The  independent  slide  reviewer  is  valuable 
because  of  the  variety  of  ovarian  cancer  types,  types  that  differ  in 
cellular  origin,  histologic  appearance,  survival  patterns,  and  risk 
factors. 

Major  Findings:  The  case  and  control  ascertainment  and  interviewing 
portion  of  the  survey  are  still  ongoing  and  will  be  analyzed  later. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  study  directly  addresses  the  possible  role  of  exogenous  hormones  in 
ovarian  cancer.  These  agents  are  widely  used  and  have  been  linked  to 
malignancies  of  reproductive  organs,  so  it  is  imperative  to  examine 
their  long-range  effects  on  risk  of  cancer  of  other  reproductive  organs. 
In  addition,  any  elucidation  of  the  etiology  of  ovarian  cancer  would  be 
welcome.  Although  this  form  of  malignancy  is  relatively  common  (17,000 
cases  per  year  in  the  U.S.)  and  often  fatal  (10,000),  very  little  is 
known  of  its  causes. 

Proposed  Course:  Data  will  be  collected  through  1981.  The  analyses 
will  be  performed  in  the  Environmental  Epidemiology  Branch. 

Date  Contract  Initiated:  October  1,  1978 

Current  Annual  Level:  $89,385 

HARVARD  UNIVERSITY,  CAMBRIDGE,  MASSACHUSETTS  CNOl-CP-81058) 

Title:  Followup  of  Fluoroscopically  Examined  Tuberculosis  Patients  in 
Relation  to  Incidence  of  Cancer. 
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Contractor's  Project  Director:  Richard  R.  Monson,  M.D. 

Project  Officer  (NCI):  John  D.  Boice,  Sc.D. 

Objectives:  Approximately  10,000  former  tuberculosis  patients,  treated 
between  1930-52,  are  to  be  followed.  Many  will  have  received  pneumothorax 
and  associated  multiple  chest  fluoroscopies.  The  objectives  are  (1)  to 
evaluate  the  risk  of  radiation-induced  breast  cancer  in  older  women,  (2) 
to  evaluate  the  risk  of  radiogenic  lung  cancer  and  leukemia  in  men  and 
women,  (3)  to  evaluate  the  association  between  Isoniazid  and  liver 
disease,  and  (4)  to  evaluate  the  interaction  between  radiation  and 
biological  modifiers  of  risk. 

Methods  Employed:  Records  of  former  tuberculosis  patients  are  available 
in  Massachusetts  and  are  being  reviewed.  Fluoroscopic  exposures,  medical 
treatments  and  demographic  information  are  being  abstracted.  Follow-up 
activities  include  the  use  of  HSPH  Town  Lists,  Motor  Vehicle  Records, 
Department  of  Vital  Statistics  Records,  outpatient  records  and  other 
sources.  Questionnaires  will  be  sent  to  persons  known  to  be  alive  to 
ascertain  current  medical  status.  Death  certificates  will  be  obtained 
for  all  who  have  died.  Analysis  will  be  done  using  a  general  computer 
program.  Permission  and  approval  was  obtained  from  the  Massachusetts 
Commissioner  of  Public  Health,  Middlesex  County  Hospital,  Essex  Sanatorium, 
North  Reading  State  Sanatorium,  Norfolk  County  Hospital,  Plymouth  County 
Hospital  and  the  State  Archives  (repository  for  early  Ruthland  Sanatorium 
records).  A  multipurpose  abstract  form  was  also  designed  to  obtain 
fluoroscopic  data,  medical  information,  location  information  and  tracing 
information. 

Major  Findings:  The  abstraction  of  data  is  nearing  completion,  death 
certificates  have  been  obtained  for  persons  who  died  in  Massachusetts; 
the  questionnaire  will  be  sent  shortly  to  those  patients  found  alive. 
The  desired  study  size  has  been  obtained,  but  no  results  are  yet  available. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
One  of  the  National  Cancer  Institute's  most  controversial  programs  has 
been  the  Breast  Cancer  Detection  and  Demonstration  Project  (BCDDP)  which 
has  enrolled  280,000  women  for  annual  mammographic  x-ray  examinations  to 
detect  breast  cancer  early  in  asymptomatic  women.  Guidelines  for  cancer 
screening  and  detection  by  mammography  have  been  undergoing  major  changes, 
and  it  is  urgently  important  that  the  guidelines  be  validated.  Specifically, 
it  is  important  to  determine  (1)  whether  women  35  to  49  years  of  age  at 
screening  are  likely  to  develop  radiation-induced  breast  cancer  from 
repeated  low-level  exposures,  and  (2)  whether  women  at  high  natural-risk 
of  developing  breast  cancer  because  of  underlying  host  conditions  (such 
as  benign  breast  disease  or  family  history  of  cancer)  are  at  especially 
high-risk  of  radiogenic  breast  cancer.  In  addition,  it  is  unknown  whether 
repeated  low-dose  radiation  exposures  have  the  same  effect  as  a  single 
large  exposure  in  inducing  leukemia  and  lung  cancer.  Because  population 
exposures  are  in  large  part  to  low  doses,  cumulated  over  many  years,  it 
is  extremely  important  to  estimate  risks  from  irradiated  populations 
receiving  similar,  though  much  larger,  radiation  exposures. 
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Proposed  Course:  Specific  plans  for  the  3rd  year  of  this  contract 
include  (1)  final  mailings  of  questionnaires  and  computerization  of 
results,  (2)  dosimetry  evaluation,  (3)  analysis,  and  (4)  final  report. 

Date  Contract  Initiated:  September  1978 

Current  Funding  Level:  $214,155 

INTERNATIONAL  AGENCY  FOR  RESEARCH  ON  CANCER  (Number  to  be  assigned) 

Title:   International  Radiation  Study  to  Evaluate  the  Risk  of  Radiation 
Exposure  in  Cervical  Cancer  --  European  Segment 

Contractor's  Project  Director:   Jacques  Esteve,  Ph.D. 

Project  Officer  (NCI):   John  D.  Boice,  Sc.D. 

Objectives:   To  directly  quantify  the  risk  of  low-level  radiation  doses 
(under  100  rad)  and  to  evaluate  the  influence  of  host  factor  (such  as 
age)  on  subsequent  radiogenic  risk. 

Methods:   More  than  22,000  patients  treated  for  cervical  cancer  in  22 
European  clinics  will  be  evaluated  for  the  occurrence  of  second  cancers 
subsequent  to  radiotherapy.  Organ  doses  to  sites  outside  the  pelvis 
will  receive  low-level  doses  (under  100  rad)  and  will  be  accurately 
characterized.  Detailed  dosimetry  information  will  be  abstracted  from 
hospital  records.  Morbidity  and  mortality  will  be  determined  through 
active  followup.  Eight  European  cancer  registries  will  conduct  cohort 
analyses  on  the  risk  of  second  cancers  among  former  cervical  cancer 
patients;  case-control  studies  in  these  registry  area  will  be  conducted 
to  evaluate  the  influence  of  cancer  risk  factors,  such  as  smoking,  on 
subsequent  risk. 

Major  Findings:   Not  applicable,  due  to  short  period  since  activation. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  project  will  quantify  the  risk  of  radiogenic  cancers  following 

low-dose  irradiation.  The  project  has  the  potential  to  elucidate  mechanisms 

of  carcinogenesis  in  general  and  is  directly  relevant  to  the  Institute 

and  Federal  commitment  to  evaluate  the  possible  adverse  health  effects 

of  low-level  ionizing  radiation.  Thus  this  project  will  provide  information 

useful  in  formulating  preventive  measures  and  in  setting  radiation 

protection  guidelines  for  occupational,  medical  and  public  exposure  to 

radiation. 

Proposed  Course:  Data  collection  will  proceed  for  approximately  three 
years  followed  by  analysis  and  publication  of  study  findings. 

Date  Contract  Initiated:   Approximately  July,  1980. 
Current  Annual  Level :  Approximately  $750,000 
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INTERNATIONAL  AGENCY  FOR  RESEARCH  ON  CANCER  (NOl-CP-71015) 

Title:   Feasibility  Studies  for  the  International  Radiation  Study  of 
Patients  Irradiated  for  Cervical  Cancer  —  European  Segment 

Contractor's  Project  Director:   Jacques  Esteve,  Ph.D. 

Project  Officer  (NCI):   John  D.  Boice,  Sc.D. 

Objectives:   To  determine  whether  it  is  feasible  to  reactivate  the 
European  segment  of  an  international  study  of  cancer  following  radiotherapy, 
whether  patients  can  be  traced,  and  whether  cancer  registries  in  Europe 
can  be  included  in  the  overall  study.  The  goal  is  to  quantify  the  risk 
of  radiogenic  cancers  in  those  organs  outside  the  pelvis  that  received 
low-level  doses  (under  100  rad). 

Methods:   Feasibility  studies  will  be  conducted  in  22  European  clinics 
to  determine  the  extent  of  radiotherapy  details  available  in  hospital 
records,  the  ease  of  patient  follow-up,  and  the  extent  to  which  information 
on  risk  factors  (smoking,  etc.)  is  available  in  hospital  records.  The 
22  clinics  are  in  Austria,  Czechoslovakia,  Denmark,  France,  Federal 
Republic  of  Germany,  Greece,  France  and  the  United  Kingdom.  European 
cancer  registries  will  be  contacted  and  requested  to  conduct  preliminary 
cohort  analysis  relating  the  risk  of  second  cancers  to  radiation  therapy 
received  during  previous  treatment  for  cervical  cancer. 

Major  Findings:^   Ten  of  22  clinics  have  agreed  to  collaborate  as  have 
cancer  registries  in  Denmark,  Finland,  Sweden,  Norway,  Slovenia  and 
England  (5  registries).  The  expansion  and  extension  of  the  international 
study  appears  feasible. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
This  project  is  designed  to  quantify  the  risk  of  radiogenic  cancers 
following  low-dose  irradiation.  The  project  has  the  potential  to  elucidate 
mechanisms  of  carcinogenesis  in  general  and  is  directly  relevant  to  the 
Institute's  commitment  to  evaluate  the  possible  adverse  health  effects 
of  low-level  ionizing  radiation.  Thus  it  is  relevant  to  prevention 
programs  and  the  setting  of  radiation  protection  guidelines. 

Proposed  Course:   The  feasibility  studies  will  continue  for  approximately 
six  months  followed  by  analysis  and  a  report  of  findings. 

Date  Contract  Initiated:   April,  1980 

Current  Annual  Level:   Approximately  $60,000 
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KAISER  FOUNDATION  RESEARCH  INSTITUTE,  OAKLAND.  CALIFORNIA  (NOI-CP-81047) 

Title:  Studies  on  Environmental  Cancer  Utilizing  a  Pre-Paid  Health  Plan 

Contractor's  Project  Director:  Gary  Friedman,  M.D. 

Project  Officer  (NCI):  Robert  Hoover,  M.D. 

Objectives:  (a)  To  evaluate  hypotheses  concerning  environmental  causes 
of  cancer  by  analysis  of  information  in  a  Pre-Paid  Health  Plan  which  has 
been  recorded  over  many  years  on  large  groups  of  patients  having  particular 
cancers,  and  to  compare  the  data  to  those  on  individuals  without  the 
disease,  (b)  To  follow  up  to  this  analysis  by  extensive  studies  on 
those  individuals  who  have  had  known  exposures  to  the  particular  environmental 
factors  which  are  suspect  in  the  etiology  of  the  cancers  concerned. 
This  is  one  of  two  Kaiser  Foundation  Research  Institute  collaborating 
contracts  (see  NOl-CP-81046). 

Major  Findings:  In  Northern  California  a  case-control  study  of  ovarian 
cancer  similar  to  that  in  Portland  is  nearing  completion.  The  protocol 
for  a  case-control  study  of  patients  who  developed  breast  cancer  after 
having  had  a  bilateral  oophorectomy  has  been  developed  and  data  collection 
is  about  to  commence.  The  major  exposure  of  interest  being  assessed  in 
this  study,  in  addition  to  the  usual  breast  cancer  indicators,  is  the 
use  of  menopausal  estrogen  replacement  therapy.  Both  the  Northern 
California  and  the  Portland  Plans  have  submitted  information  on  malignancies 
occurring  in  the  Health  plans  and  various  other  demographic  information 
concerning  the  potential  hypotheses  to  be  explored  in  these  health 
plans.  Extensive  evaluation  of  cancer  incidence  among  various  industrial 
groups  covered  by  the  pre-paid  plan  has  been  done,  and  a  number  of 
analytic  studies  based  on  these  evaluations  are  currently  being  designed. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  objective  of  the  Environmental  Epidemiology  Branch  is  to  generate 
and  test  ideas  concerning  the  environmental  and  host  determinants  of 
cancer  by  a  broad  range  of  epidemiologic  studies  based  on  knowledge  and 
application  of  clinical  medicine  and  oncology,  statistical  methodology, 
new  developments  in  carcinogenesis,  and  resources  available  at  various 
levels.  This  project  is  immediately  relevant  to  this  broad  objective 
because  it  attempts  to  focus  directly  on  environmental  factors  which 
occur  during  an  individual's  life  and  to  which  he  may  be  exposed  at 
various  time  periods. 

Proposed  Course:  The  major  hypotheses  to  be  explored  in  the  study  in 
the  Northern  California  system  will  be  the  relationship  of  cholesterol 
levels  to  the  risk  of  the  development  of  a  variety  of  cancers.  In 
addition,  specific  case-control  studies  of  occupational  and  a  number  of 
different  cancers  will  be  initiated,  following  upon  the  descriptive 
study  of  industry-group  and  cancer,  completed  in  the  past  year.  A  study 
of  oral  contraceptives,  estrogens  and  other  drugs  and  the  risk  of  benign 
breast  disease,  by  ductal  atypia  of  the  benign  disease,  will  also  be 
conducted.  If  time  and  money  are  available,  an  additional  study  will  be 
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initiated  in  the  Northern  California  system  of  cases  of  endometrial 
cancer  occurring  in  women  under  the  age  of  50.  The  major  focus  of  this 
study  will  be  on  the  relationship  of  both  oral  contraceptives  and  intra- 
uterine devices  to  the  risk  of  endometrial  cancer  in  young  women. 

Date  Contract  Initiated:  August  1,  1978 

Current  Funding  Level:  $150,232 

KAISER  FOUNDATION  RESEARCH  INSTITUTE,  PORTLAND  OREGON  (NOl-CP-81046) 

Title:  Studies  on  Environmental  Cancer  Utilizing  a  Pre-Paid  Health  Plan 

Contractor's  Project  Director:  Andrew  Glass,  M.D. 

Project  Officer  (NCI):  Robert  Hoover,  M.D. 

Objectives:  (a)  To  evaluate  hypotheses  concerning  environmental  causes 
of  cancer  by  analysis  of  information  in  a  Pre-Paid  Health  Plan  which  has 
been  recorded  over  many  years  on  large  groups  of  patients  having  particular 
cancers,  and  to  compare  the  data  to  those  on  individuals  without  the 
disease,  (b)  To  follow  up  to  this  analysis  by  extensive  studies  on 
those  individuals  who  have  had  known  exposures  to  the  particular  environ- 
mental factors  which  are  suspect  in  the  etiology  of  the  cancers  concerned. 
This  is  one  of  two  Kaiser  Foundation  Research  Institute  collaborating 
contracts  (see  NOl-CP-81047). 

Major  Findings:  Computerization  of  the  tumor  registry  from  1969  forward 
has  nearly  been  completed.  A  case-control  study  of  ovarian  cancer  was 
initiated  and  the  data  for  cases  and  controls  has  been  abstracted  and 
computed.  For  the  ovarian  cancer  study  a  common  protocol  has  been 
worked  out  between  the  Portland  region  and  Northern  California  region 
under  the  direction  of  the  project  officer  at  NCI.  The  focus  of  this 
study  is  on  therapeutic  drugs  and  medical  conditions  which  alter  the 
pituitary-ovarian  hormonal  axis.  Data  on  stage  of  disease  and  survival 
information  have  been  abstracted  and  computed  for  the  series  of  breast 
cancer  patients  included  in  a  prior  study  done  in  this  plan.  This 
information  has  been  forwarded  to  NCI  so  that  this  information  can  be 
collected  in  that  study.  Feasibility  structure  of  lung  cancer  and 
occupation  and  serum  cholesterol  values  and  cancer  incidence  have  also 
been  conducted. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  objective  of  the  Environmental  Epidemiology  Branch  is  to  generate 
and  test  ideas  concerning  the  environmental  and  host  determinants  of 
cancer  by  a  broad  range  of  epidemiologic  studies  based  on  knowledge  and 
application  of  clinical  medicine  and  oncology,  statistical  methodology, 
new  developments  in  carcinogenesis,  and  resources  available  at  various 
levels.  This  project  is  immediately  relevant  to  this  broad  objective 
because  it  attempts  to  focus  directly  on  environmental  factors  which 
occur  during  an  individual's  life  and  to  which  he  may  be  exposed  at 
various  time  periods. 
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Proposed  Course:  Next  year's  agenda  for  these  two  health  plans  includes 
the  continuation  of  studies  currently  underway  or  about  to  be  initiated. 
Upon  appropriate  specification  of  the  protocol  from  NCI,  it  is  anticipated 
that  a  case-control  study  of  abnormal  uterine  pathology  and  its  relationship 
to  estrogens  will  be  initiated  in  the  Portland  region,  as  will  studies 
of  serum  cholestrol  and  cancer  incidence  and  the  relation  between  various 
drugs  and  the  frequency  of  benign  breast  disease. 

Date  Contract  Initiated:  August  1,  1978 

Contract  Funding  Level:  $203,581 

LOUISIANA  STATE  UNIVERSITY  (NO-CP-81013) 

Title:  Collection  of  Interview  Data  to  Assess  Bladder  Cancer  Risk,  and 
Use  of  Mississippi  River  Drinking  Water 

Contractor's  Project  Director:  J.W.  Sullivan,  M.D. 

Project  Officer  (NCI):  Robert  N.  Hoover,  M.D. 

Objectives:  To  investigate  the  role  of  Mississippi  drinking  water  in 
the  etiology  of  human  bladder  cancer. 

Methods:  All  cases  of  bladder  cancer  being  diagnosed  from  December  1,  1978, 
to  November  30,  1979,  in  greater  New  Orleans  are  being  identified. 
Controls  are  being  selected  for  the  general  population.  The  subjects 
are  being  interviewed  in  their  homes.  The  interviewer  uses  a  questionnaire 
that  elicits  information  about  smoking,  occupation,  residence,  drinking 
water,  hair  dyes,  coffee,  artificial  sweeteners,  drugs,  and  medical 
history.  Urine  specimens  are  collected  from  a  sample  of  subjects  and 
analyzed  to  detect  the  presence  of  compounds  of  low  molecular  weight. 

Major  Findings:  The  case  and  control  ascertainment  and  interviewing 
portion  of  the  survey  are  still  ongoing,  and  will  be  analyzed  later. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  study  addresses  the  possible  role  of  compounds  found  in  drinking 
water  in  human  bladder  cancer.  Although  many  correlational  studies  have 
attempted  to  relate  quality  of  drinking  water  to  risk  of  cancer,  few 
analytic  studies  have  been  done.  The  direct  assessment  of  whether  such 
a  hazard  exists  is  part  of  the  Institute's  wider  program  of  investigation 
of  potential  environmental  carcinogens. 

Proposed  Course:  Data  have  been  collected  and  are  being  analyzed. 

Date  Contract  Initiated:  June  1,  1979 

Current  Annual  Level:  0 
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LOUISIANA  STATE  UNIVERSITY  (NQI-CP-91023) 

Title:  Cancer  in  Southern  Louisiana:  A  Case-Control  Study  of  Lung, 
Pancreas,  and  Stomach  Cancers 

Contractor's  Project  Director:  Pelayo  Correa,  M.D. 

Project  Officer  (NCI):  Linda  W.  Pickle,  Ph.D. 

Objectives:  To  identify  risk  factors  responsible  for  the  high  rates  for 
lung,  pancreas,  and  stomach  cancers  in  southern  Louisiana. 

Methods:  A  case-control  interview  study  among  residents  of  southern 
Louisiana  parishes  will  provide  information  on  lifetime  histories  of 
residence,  occupation,  tobacco  and  alcohol  consumption,  diet,  and  ethnic 
and  social  factors  for  approximately  3,000  cancer  cases  and  controls. 

Major  Findings:  Sample  identification  and  interviewing  of  cases  and 
controls  is  under  way. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
This  investigation  generates  data  to  uncover  reasons  for  the  exceptional 
occurrence  of  cancer  in  Louisiana  and  thus  provide  information  useful  in 
formulating  measures  aimed  at  prevention. 

Proposed  Course:  A  two-year  contract  renewal  has  been  requested  for 
completion  of  this  project. 

Date  Contract  Initiated:  March  13,  1979 

Current  Annual  Level:  $257,375  (proposed) 

NATIONAL  ACADEMY  OF  SCIENCES  (N01-CP-01Q12) 

Title:  Epidemiological  Studies  of  Cancer  Among  A-bomb  Survivors 

Contractor's  Project  Director:  Seymour  Jablon 

Project  Officer  (NCI):  Charles  E.  Land,  Ph.D.  and  William  J.  Blot, 
Ph.D. 

Objectives:  The  overall  objective  of  this  collaborative  study  is  to 
identify  and  quantify  the  possible  interactive  roles  of  radiation  and 
other  environmental  and  host  risk  factors  in  the  development  of  certain 
cancers,  particularly  tumors  of  the  lung  and  female  breast. 

Methods:  This  is  to  be  a  series  of  case-control  studies  based  on  the 
Radiation  Effects  Research  Foundation  (RERF)/Life  Span  Study  (LSS) 
sample  of  Hiroshima  and  Nagasaki  A-bomb  survivors  and  non-exposed  residents 
of  the  two  cities  as  of  1950.  The  RERF  is  a  binational  Japan-U.S. 
foundation  for  the  study  of  the  A-bomb  survivor  population.  Funding 
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from  the  U.S.  Government  is  through  the  National  Academy  of  Sciences. 
The  first  study  will  investigate  the  interaction  between  radiation  dose 
and  epidemiological  and  host-risk  factors,  as  determined  by  mail  question- 
naire and  interview,  in  the  causation  of  female  breast  cancer.  This 
study  should  set  the  pattern  for  future  studies  involving  lung  cancer 
and  other  sites  to  be  selected.  Cases  will  be  selected  from  the  LSS 
sample  and,  to  the  extent  possible,  from  the  population  of  known  A-bomb 
survivors  outside  the  LSS  sample.  Four  controls  not  known  to  be  breast 
cancer  cases  will  be  selected  from  the  LSS  sample,  matched  to  the  cases 
by  birthdate,  city  of  residence,  exposure  status,  mortality  status  at 
the  time  of  breast  cancer  case  diagnosis,  and  estimated  radiation  dose. 
An  epidemiological  questionnaire  will  be  prepared  and  administered  by 
personal  interview  to  cases  and  controls  or  their  next-of-kin  or  other 
suitable  information  sources,  and  information  on  marital  and  reproductive 
history,  family  history  of  cancer,  diet,  and  anthropometric  and  socio- 
economic variables  will  be  elicited.  The  analysis  will  be  aimed  at 
determining  the  relationship  of  factors  other  than  dose  to  breast  cancer 
risk,  and  the  dependence  of  such  relationships  on  dose. 

Major  Findings:  Dr.  Land  spent  the  month  of  November  in  Hiroshima,  and 
at  that  time  the  investigative  team  began  work  on  the  following  major 
tasks:  design  of  the  questionnaire,  investigation  of  the  feasibility  of 
setting  high-dose  cases  from  outside  the  Life  Span  Study  (LSS)  sample, 
selection  of  interviewers,  and  selection  of  cases  and  controls.  Dr. 
Pike  of  use  arrived  in  Hiroshima  during  the  last  week  in  November  and 
remained  there  through  the  middle  of  January.  By  the  time  of  his  departure 
the  questionnaire  had  been  designed  and  tested,  the  rules  for  selection 
of  controls  for  living  cases  had  been  decided  and  control  selection  had 
begun,  and  additional  cases  had  been  identified  among  A-bomb  survivors 
not  in  the  LSS  sample.  Four  women  interviewers,  all  retired  nurses 
formerly  on  the  RERF  staff,  had  been  interviewed  and  had  expressed 
willingness  to  work;  two  were  hired.  At  present  the  main  effort  is 
directed  at  interviewing  living  cases  and  their  controls;  existing 
records  may  suffice  for  many  of  the  deceased  cases  and  their  controls. 

A  major  problem  has  been  a  discrepancy  between  the  standard  contract 
provisions  for  DHEW  contracts  and  the  kind  of  provisions  RERF,  as  a 
quasi-governmental  Japanese  foundation,  is  prepared  to  accept.  This  has 
delayed  the  signing  of  the  subcontract  from  the  National  Academy  of 
Sciences  to  RERF,  which,  however,  has  agreed  to  proceed  on  the  study, 
although  at  a  slower  pace  than  is  desirable,  in  anticipation  of  receiving 
waivers  from  DHEW  and  fundings  from  NCI.  Interviewing  of  cases  and 
controls  has  begun  in  Hiroshima  but  not  yet  in  Nagasaki  (April  1,  1980). 
Dr.  Land  plans  a  three-week  visit  to  Hiroshima  in  May,  and  Dr.  Blot 
plans  one  in  June. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  project  should  substantially  contribute  to  our  knowledge  of  whether 
and  to  what  extent  radiation  may  interact  with  other  known  risk  factors 
in  inducing  certain  cancers.  Because  of  the  intense  national  interest 
in  low-dose  radiation  risks,  these  studies  are  urgently  needed  to  identify 
whether  exposures  to  radiation  (at  high,  moderate,  and  low  doses)  may  be 
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particularly  harmful  to  certain  segments  of  the  population  at  increased 
risk  of  cancer  for  non-radiation  related  reasons. 

Proposed  Course:  Design  and  pretesting  of  the  breast  cancer  questionnaire, 
training  of  interviewers,  and  selection  of  cases  and  controls  will 
require  about  6  months,  but  selection  may  be  extended  in  time  to  take 
advantage  of  a  concurrent  breast  cancer  incidence  study  to  be  conducted 
as  part  of  the  regular  RERF  program.  Interviews  and  coding  of  data 
should  require  a  further  6-12  months,  and  the  analysis  and  manuscript 
preparation  a  further  6  months. 

Date  Contract  Initiated:  November  10,  1979 

Current  Annual  Level:  $195,700 

NATIONAL  ACADEMY  OF  SCIENCES  (NOl-CP-53573) 

Title:  Epidemiologic  Studies  in  Etiology  of  Cancer  In  Veterans 

Contractor's  Project  Director:  Seymour  Jablon,  M.A. 

Project  Officer  (NCI):  Joseph  F.  Fraumeni ,  Jr.,  M.D. 

Objectives:  To  develop  and  conduct  a  broad  program  of  epidemiologic 
studies  among  veterans. 

{ 

Methods  Employed:  The  Epidemiology  Branches  of  the  National  Cancer  j 

Institute  and  the  Medical  Follow-up  Agency  of  the  National  Academy  of 

Sciences  have  developed  an  epidemiology  program  designed  to  make  efficient 

use  of  the  military-veteran  population,  utilizing  medical,  demographic, 

and  environmental  observations  of  veterans  ascertained  through  facilities 

of  the  Veterans  Administration  and  supplemented  by  mortality  data. 

During  the  past  year  efforts  have  focused  on  completion  of  follow-up 

studies  of  veterans  who  have  certain  conditions  (e.g.,  sarcoidosis)  that 

may  influence  the  risk  of  cancer.  Also  nearing  completion  is  a  study  of 

occupational  exposure  to  tetrachloroethane,  a  chlorinated  hydrocarbon 

used  for  impregnating  clothing  against  mustard  gas  during  World  War  II. 

With  the  Clinical  Epidemiology  Branch,  support  is  being  provided  to 

construct  a  magnetic  tape  index  to  World  War  II  diagnoses  of  naval 

personnel.  This  resource  will  be  utilized  for  a  series  of  research 

studies  by  investigators  in  the  government,  at  Universities,  and  elsewhere. 

Major  Findings:  A  study  of  alcoholic  servicemen  revealed  excess  mortality 
from  several  causes,  including  cancers  of  the  upper  digestive  and  upper 
respiratory  system  (Am.  J.  Epidemiol.  109:  687,  1979). 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  Environmental  Epidemiology  Branch,  NCI,  is  concerned  with  studies  to 
identify  and  clarify  environmental  and  host  factors  in  cancer.  The 
objectives  can  be  more  readily  achieved  by  coordinating  efforts  with  the 
unique  resources  and  competent  staff  of  the  Medical  Follow-up  Agency. 
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Proposed  Course:  In  this  contract  year  a  survey  will  be  made  of  cancer 
mortality  among  3000  U.S.  veterans  by  occupational  and  smoking  habits, 
updating  the  followup  of  the  cohort  originally  assembled  by  Dorn.  A 
study  of  testicular  cancer  is  also  planned  to  evaluate  various  risk 
factors  including  mumps  orchitis  and  genitourinary  defects. 

Date  Contract  Initiated:  June  28,  1971 

Current  Annual  Level:  $200,000 

SOUTHERN  CALIFORNIA  KAISER  HEALTH  PLAN  (NOl-CP-91028) 

Title:  Relationship  Between  Menopausal  Estrogens  and  the  Risk  of  Breast 
Cancer  Among  Oophorectomized  Women 

Contractor's  Project  Director:  Harry  K.  Ziel,  M.D. 

Project  Officer  (NCI):  Robert  N.  Hoover,  M.D. 

Objectives:  To  investigate  the  relationship  of  menopausal  estrogens  to 
risk  of  breast  cancer  among  women  who  have  had  an  oophorectomy. 

Methods:  The  surgical  record  books  from  the  Southern  California  Permanente 
Medical  Group  from  1952  through  1970  are  being  reviewed  manually  to 
identify  a  group  of  health  plan  members  who  had  oophorectomy  during  this 
time  period.  These  lists  are  being  compared  with  a  list  of  breast 
cancer  patients  identified  by  the  health  plan's  tumor  registry  during 
the  years  1972-1977  in  order  to  identify  patients  with  a  history  of 
oophorectomy  who  subsequently  developed  breast  cancer.  From  the  same 
surgical  record  books  and  the  files  of  health  plan  members,  four  controls 
for  each  case  are  being  drawn.  These  controls  are  women  having  undergone 
an  oophorectomy  in  the  same  year  as  the  case,  matched  on  age  at  which 
this  operation  occurred,  and  duration  of  health  plan  membership  (to  the 
date  of  diagnosis  of  the  case).  Thus  far  82  cases  have  been  identified 
and  their  health  plan  records  abstracted;  225  control  women  have  also 
been  identified  and  their  records  abstracted. 

Major  Findings:  Data  collection  is  continuing  and  therefore  no  formal 
findings  are  available. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  study  directly  addresses  the  role  of  exogenous  hormones  in  a  group 
of  women  whose  risk  of  breast  cancer  has  been  lowered  by  oophorectomy 
and  whose  likelihood  of  using  menopausal  estrogens  has  been  raised. 
These  factors  will  enhance  the  chances  of  detecting  an  increase  in  risk. 
Assessment  of  the  carcinogenic  potential  of  exogenous  estrogens  is  part 
of  the  Institute's  overall  investigation  of  possible  carcinogenic  actions 
of  therapeutic  drugs. 

Proposed  Course:  The  clinical  records  of  all  the  cases  and  matched 
controls  will  continue  to  be  reviewed  and  information  concerning  exposure 
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to  estrogens  prior  to  the  date  of  diagnosis  of  the  case  will  be  abstracted. 
Other  risk  indicators  for  breast  cancer  that  occur  on  the  chart  are  also 
being  abstracted  (e.g.,  height,  weight,  parity,  prior  benign  disease). 
The  data  so  abstracted  will  be  coded  and  key-punched.  The  investigators 
at  Southern  California  will  analyze  their  own  data  and  in  addition  will 
send  a  copy  of  the  material  to  NCI  so  that  the  data  can  be  merged  with 
similar  information  which  will  have  been  obtained  from  two  other  Kaiser 
Permanente  Health  Plans. 

Date  Contract  Initiated:  July  1,  1979 

Current  Annual  Level:  $95,000 

STATE  OF  NEW  JERSEY  DEPARTMENT  OF  HEALTH  (NOl-CP-61031 ) 

Title:  Etiologic  Studies  of  Cancer  in  New  Jersey 

Contractor's  Project  Director:  Ronald  Altman,  M.D. 

Project  Officer  (NCI):  Thomas  J.  Mason,  Ph.D. 

Objectives:  To  examine  the  cancer  mortality  experience  in  the  State  of 
New  Jersey  with  specific  emphasis  on  quantifying  risk  factors  for  bladder 
cancer,  and  lung  cancer,  as  well  as  other  anatomic  sites  with  known  or 
suspected  occupational  risk  factors. 

Methods  Employed:   (A)  Descriptive  studies  -  A  system  of  computer  programs 
has  been  developed  which  with  modification  can  efficiently  calculate  sex 
and  race-specific  rates  for  any  cause  of  death  for  the  period  of  time 
1962-75.  Refinement  of  the  data  to  municipalities  and  specific  analyses 
to  quantify  biases  in  the  approach  will  be  pursued.   (B)  Case-control  studies 
The  contractor  will  interview  each  selected  cancer  case  and  matched 
controls  (or  their  families  when  appropriate)  to  ascertain  occupational, 
environmental  and  personal  characteristics  of  the  study  population. 
These  studies  will  be  performed  in  areas  which  have  been  found  to  have 
exceptionally  high  mortality  rates. 

The  sources  of  data  are  death  certificates,  interviews  of  living  cases 
and  controls,  occupational  and  industrial  information  from  interviews  of 
next-of-kin,  and  Social  Security  data. 

Major  Findings:  To  date  the  contractor's  accomplishments  have  been 
considerable.  Utilizing  data  through  1975  it  has  been  determined  that 
the  previously  detected  excessive  rates  of  bladder  cancer  in  New  Jersey 
for  the  period  1950-69  have  continued  to  increase  in  time  in  several 
counties.  Utilizing  moving  averages,  rates  for  males  in  Cumberland  and 
Salem  counties  have  continued  to  increase.  When  rates  were  calculated 
for  municipalities,  4  of  Salem's  15  municipalities  were  found  excessive. 
These  municipalities  cluster  about  one  plant  thought  to  be  the  employer 
of  many  cases  of  bladder  cancer.  These  data  suggest  specific  municipalities 
for  future  study. 
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For  the  past  12  months,  the  contractor  has  concentrated  on  the  following 
areas  of  study:  (1)  Based  on  results  of  the  descriptive  epidemiology  of 
bladder  cancer,  case-control  interview  studies  of  high-risk  populations 
were  developed.  (2)  The  Health  Department  also  became  a  participant  in 
the  collaborative  National  Survey  of  Environment  and  Health,  a  study  of 
incident  bladder  cancer  cases.  The  data  collection  phase  of  this  study 
has  been  completed.  Detailed  analyses  will  be  carried  out  during  this 
next  year.  (3)  The  third  activity  utilized  methods  developed  for  the 
descriptive  epidemiologic  study  of  bladder  cancer  to  study  cancer  of 
other  anatomic  sites. 

In  addition  to  the  above  activities,  the  contractor  answered  citizen 
inquiries  about  cancer  rates  and  used  existing  data  sources  to  study 
apparent  clusters  of  cancer  incidence  and  mortality.  One  such  study  was 
the  investigation  of  the  apparent  clusters  of  childhood  leukemia  and 
Hodgkin's  disease  in  Rutherford,  New  Jersey.  The  program  also  served  as 
a  resource  to  other  state  departments  and  programs  on  issues  of  cancer 
epidemiology. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Recent  reports  of  excessive  mortality  from  bladder  cancer  in  New  Jersey 
need  to  be  followed  up  by  means  of  a  project  such  as  this  to  assess  the 
relative  contribution  to  this  excess  from  industrial  (occupational)  as 
well  as  common  environmental  exposures.  This  type  of  investigation  also 
fits  in  well  with  the  specific  interest  in  the  geographic  distribution 
of  malignancy  in  the  United  States  to  which  the  Environmental  Epidemiology 
Branch  is  committed. 

Proposed  Course:  This  contract  covers  projects  in  both  the  analytic  and 
descriptive  epidemiology  of  cancer.  Analytic  epidemiologic  studies 
include:  (1)  case-control  interview  studies  of  bladder  cancer,  namely, 
the  completion  of  the  National  Survey  of  Environment  and  Health,  the 
completion  of  the  study  in  high  risk  populations,  and  a  new  study  of 
bladder  cancer  in  Somerset  County,  and  (2)  a  case-control  interview 
study  of  lung  cancer.  Descriptive  epidemiologic  studies  include:  (1) 
continuation  of  the  development  of  the  descriptive  epidemiology  of 
various  cancer  sites.  It  is  proposed  to  investigate  cancers  of  the 
stomach,  pancreas,  cervix,  ovary,  etc.,  and  (2)  a  special  investigation 
of  the  descriptive  epidemiology  of  leukemia  and  Hodgkin's  disease  is 
proposed. 

The  work  to  date  has  pointed  out  several  specific  places  in  New  Jersey 
which  appear  to  warrant  additional  study.  It  is  the  intent  of  the 
contractor  to  concentrate  on  these  areas  to  elicit  additional  etiologic 
information.  The  need  to  obtain  occupation  and  industry  information 
from  living  persons  is  recognized,  and  an  approach  has  been  set  out.  It 
is  anticipated  that  the  case-control  investigations  combined  with  the 
descriptive  data  compiled  to  date  will  point  to  specific  industrial 
plants  which  should  be  investigated. 
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Date  Contract  Initiated:  February  10,  1976 
Current  Annual  Level:  $499,900 

UNIVERSITY  OF  HAWAII  (NOl-CP-71006) 

Title:  Occupational  Cancer  Risk  in  Hawaii 

Contractor's  Principal  Investigator:  Ming  Pi  Mi,  Ph.D. 

Project  Officer  (NCI):  Thomas  J.  Mason,  Ph.D. 

Objectives:  This  project  is  designed  to  provide  data  which  will  permit 
the  linkage  of  official  records:  Civil  Defense  file,  birth  records  and 
death  certificates  for  the  population  of  Hawaii  from  1942-75,  with 
specific  emphasis  on  occupation  and/or  place  of  employment. 

Methods  Employed:  From  a  Civil  Defense  file  with  detailed  information 
on  the  Hawaiian  population  of  1942-43,  occupational  data  will  be  abstracted 
for  the  Oahu  cohort.  New  data  to  be  added  to  the  computer  file  would 
include  all  information  on  individuals  residing  in  the  remaining  counties 
(islands  of  Kauai,  Maui,  Molokai,  Lanai  and  Hawaii)  during  the  war 
years.  These  data  are  important  because  of  the  number  of  individuals 
who  resided  and  worked  on  sugar,  pineapple,  and  rice  plantations,  and 
might  have  been  exposed  to  carcinogens.  Occupational  data  will  be 
abstracted  from  all  death  certificates  for  the  period  in  question. 

Major  Findings:  A  large  population  of  the  historic  Civil  Defense  file 
has  been  abstracted  and  added  to  an  on-line  system  of  information  which 
will  provide  the  unique  capability  of  selecting  a  cohort  with  an  exposure 
of  specific  interest  in  the  early  1940's  and  following  these  individuals 
to  the  present  time.  Emphasis  will  be  given  to  change  in  occupation,  or 
selecting  an  outcome  of  interest  such  as  cancer  of  a  particular  site  and 
investigating  occupation.  Specifically,  all  death  certificates,  marriage 
licenses,  and  birth  certificates,  as  well  as  the  historic  Civil  Defense 
file  will  soon  be  linked  to  provide  a  unique  opportunity  to  pursue 
specific  occupational  exposures.  We  are  currently  pursuing  an  investiga- 
tion of  childhood  cancer,  and  will  be  investigating  factors  related  to 
congenital  anomalies  and  spontaneous  abortions  as  they  relate  to  environ- 
mental exposures.  The  earlier  period  of  this  contract  was  devoted 
primarily  to  facilitating  access  to  these  data.  During  the  subsequent 
years,  investigations  of  specific  types  of  malignancy  and  distinct 
exposures  will  be  pursued. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  collection  of  occupational  data  fits  in  well  with  the  specific 
interest  in  the  geographic  distribution  of  malignancy  in  the  United 
States  that  the  Environmental  Epidemiology  Branch  has  developed  over  the 
past  several  years.  The  ability  to  link  records  over  this  time  span 
will  greatly  facilitate  the  investigation  of  occupational  factors  related 
to  malignancy. 
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Proposed  Course:  The  resultant  record- linked  data  bases  will  permit  the 
selection  of  a  final  occupational  group  of  interest  from  death  certificate 
data  and  the  linkage  of  official  records  on  these  individuals  through 
time,  using  birth  records  as  interim  checks  for  changes  and  Civil  Defense 
records  for  an  initial  occupation. 

Date  Contract  Initiated:  April  11,  1977 

Current  Annual  Level:  $119,678 

UNIVERSITY  OF  MIAMI  (N01-CP-81Q00) 

Title:  A  Case-Control  Study  of  Etiologic  Factors  for  Lung  Cancer  in 
Northeast  Florida 

Contractor's  Project  Director:  John  E.  Davies,  M.D.,  M.P.H. 

Project  Officer  (NCI):  William  J.  Blot,  Ph.D. 

Objectives:  To  identify  risk  factors  responsible  for  the  high  rates  of 
lung  cancer  in  northeastern  Florida. 

Methods:  Male  residents  of  Duval  (Jacksonville)  County  admitted  to 
Jacksonville  hospitals  for  diagnoses  of  primary  lung  cancer  in  a  one-year 
period  beginning  in  March  1978,  and  matched  hospital  controls,  were 
interviewed  for  lifetime  histories  of  residence,  occupation,  tobacco 
consumption,  and  other  information.  The  sample  was  supplemented  by 
interviews  of  next-of-kin  of  persons  who  died  of  lung  cancer  and  matched 
controls  who  died  from  other  causes  during  1976.  Data  from  the  approximately 
1000  interviews  are  being  analyzed  for  case-control  differences  with 
respect  to  various  indices. 

Major  Findings:  Interviews  with  the  incident  cancer  cases  and  controls 
and  with  the  next-of-kin  of  the  cancer  cases  and  controls  identified 
from  death  certificates  have  been  completed,  and  the  resultant  data  are 
now  being  analyzed. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
This  investigation  should  provide  data  to  uncover  reasons  for  the  elevated 
lung  cancer  mortality  in  northeastern  Florida  and  thus  provide  information 
■useful  in  formulating  measures  aimed  at  prevention. 

Proposed  Course:  Analysis  of  data  and  publication  of  study  findings. 

Date  Contract  Initiated:  February  13,  1978 

Current  Annual  Level:  Contract  completed 
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UNIVERSITY  OF  MINNESOTA  (NOl-CP-43384) 

Title:  Immunodeficiency  ^-  Cancer  Registry 

Contractor's  Project  Director:  John  H.  Kersey,  M.D. 

Project  Officer  (NCI):  Robert  N.  Hoover,  M.D. 

Objectives:  To  study  the  frequency  and  possible  determinants  of  malignancy 
in  immunodeficient  patients. 

Methods:  Through  the  cooperation  and  good  will  of  immunologists  in  many 
of  the  specialized  immunology  centers  throughout  the  world,  clinical 
information  and  occasionally  biologic  specimens  from  immunodeficient 
patients  who  have  developed  malignancy  are  sent  to  the  registry  for 
tabulation  and  analysis.  In  the  past  year,  continued  monitoring  for  new 
cases  of  malignancy  in  patients  with  genetically  determined  immunodeficiency 
syndromes  has  gone  on.  In  addition,  selected  clinical  and  pathological 
material,  particularly  data  on  the  surface  marker  characteristics  of 
malignant  lymphoblast  cells,  in  these  patients  has  been  analyzed.  Also, 
the  registry  has  participated  in  the  development  of  a  large  pool  of 
individuals  with  one  immunodeficiency  disease,  Wiskott-Aldrich  syndrome. 
The  emphasis  in  this  study  is  to  identify  families  who  carry  the  gene 
for  this  syndrome  and  to  study  in  some  detail  the  characteristics  of 
risks  of  the  individuals  with  this  syndrome  as  well  as  the  carriers  of 
the  gene. 

Major  Findings:  To  date  309  cases  have  been  reported  to  the  registry. 
Lymphoreticular  malignancies  predominate  in  almost  all  of  the  Genetically 
Determined  Immunodeficiency  Disease  categories.  Other  tumors  that 
appear  to  be  excessive  include  stomach  cancer  (in  adults  only),  malignant 
melanoma,  soft  tissue  sarcoma,  and  hepatobiliary  carcinomas.  The  special 
study  of  Wiskott-Aldrich  families  indicates  a  similar  overall  attack 
rate  among  the  carriers  of  the  gene  and  non-carriers  but  an  earlier 
age-at-onset  among  the  carriers  (nine  years).  Computerization  of  the 
registry  information  was  initiated  and  is  still  underway. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Patients  with  altered  immunologic  state  have  demonstrated  excess  risks 
of  malignancy  several  hundred  times  that  of  the  general  population. 
Study  of  the  determinants  of  these  excesses  has  a  high  probability  of 
shedding  light  on  immunologic  aspects  of  cancer  etiology. 

Proposed  Course:  Case  findings  will  continue  to  assure  a  continuing 
increase  in  the  amount  of  material  available  for  analysis  in  the  Registry. 
The  analysis  of  the  study  of  the  Wiskott-Aldrich  families  will  be  expanded 
and  the  data  will  be  analyzed  to  estimate  a  number  of  relative  risks 
according  to  the  presence  of  certain  clinical  characteristics.  A  case-control 
study  of  GDID  patients  who  have  developed  malignancy  will  be  instituted 
in  order  to  test  the  hypothesis  that  the  risk  of  malignancy  may  be 
related  to  the  amount  of  immunostimulation  experienced  by  these  children. 
Computerization  of  the  data  base  will  be  completed. 
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Date  Contract  Initiated:  July  1,  1974 
Current  Funding  Level:  $62,382 

UNIVERSITY  OF  MINNESOTA  (N01-CP-91Q14) 

Title:  Long-Term  Mortality  Study  of  Minnesota  Iron-Ore  Miners 

Contractor's  Project  Director:  Leonard  M.  Schuman,  M.D. 

Project  Officer  (NCI):  William  J.  Blot,  Ph.D. 

Objectives:  To  clarify  the  role  of  iron  and  its  compounds  in  human 
cancer  by  studying  the  mortality  experience  of  iron-ore  miners  in  the 
Mesabi  Range,  Minnesota  where  competing  exposures  from  other  environmental 
agents  are  minimal  or  nonexistent. 

Methods  Employed:  Employee  records  of  iron-ore  mining  companies  were 
reviewed  to  assemble  a  large  cohort  of  hourly-wage  employees  involved  in 
hematite  mining  prior  to  1965.  General  employment  data  were  abstracted. 
Vital  status  of  each  member  of  the  cohort  will  be  determined  and  a  death 
certificate  obtained,  if  deceased. 

Major  Findings:  A  cohort  of  13,000  iron-ore  miners  has  been  assembled 
and  relevant  work  histories  abstracted.  Followup  for  vital  status  has 
begun. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Studies  of  hematite  miners  in  Great  Britain  have  shown  them  to  be  at 
increased  risk  of  dying  from  respiratory  cancer;  however,  it  is  not 
clear  whether  iron-containing  materials  are  the  causative  agents  since 
other  potentially  carcinogenic  exposures  were  present.  This  project  is 
intended  to  clarify  the  role  of  iron  and  its  compounds. 

Proposed  Course:  Following  completion  of  the  above  procedures,  analyses 
will  be  undertaken  comparing  age-cause-specific  mortality  rates  to  rates 
from  Minnesota  and  U.S.  populations  and  examining  risk  associated  with 
exposure  to  hematite  dust.  Hypotheses  for  further  case-control  or  other 
studies  will  be  developed. 

Date  Contract  Initiated:  July  1,  1979 

Current  Annual  Level:  $60,000  (proposed) 

UNIVERSITY  OF  MINNESOTA-CONTRACT  PENDING  (NOl-CP-01030) 

Title:   Feasibility  Study  of  the  Risk  of  Cancer  in  X-Ray  Technologists 
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Contractor's  Project  Director:   Leonard  M.  Schuman,  M.D. 

Pro.iect  Officer  (NCI):   John  D.  Boice,  Sc.D. 

Objective:   To  determine  the  feasibility  of  conducting  a  cancer  mortality 
study  of  170,000  registered  American  radiological  technologists. 

Methods:   Using  the  resources  of  the  American  Registry  of  Radiologic 
Technologists,  an  attempt  to  locate  a  1%  sample  of  inactive  members 
(30,000)  will  be  made  using  all  available  resources:  Social  Security 
Administration,  Motor  Vehicle  Departments,  registry  lists,  etc.  A  0.5% 
sample  of  active  technologists  will  be  contacted  by  mail  questionnaire 
to  obtain  information  on  the  use  of  dosimeters  and  cancer  risk  factors 
such  as  smoking  history.  Characterization  of  radiation  dose  will  be 
attempted. 

Major  Findings:   Not  applicable  because  this  contract  was  just  recently 
initiated. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  study  will  evaluate  the  effects  of  low-dose  fractionated  exposures 
received  over  a  period  of  many  years  in  a  large  group  of  occupational ly- 
exposed  women.  This  project  is  an  important  part  of  the  overall  Federal 
response  to  establishing  a  broad-based  program  in  radiation  carcinogenesis 
and  has  direct  relevance  to  cancer  etiology  and  the  setting  of  radiation 
protection  guidelines. 

Proposed  Course:   Data  collection  will  proceed  for  approximately  twelve 
months  followed  by  analysis  and  a  decision  on  whether  an  expanded  study 
is  desirable  and/or  feasible. 

Date  Contract  Initiated:   Approximately  May  1,  1980 

Current  Annual  Level:   Approximately  $25,000 

UNIVERSITY  OF  PENNSYLVANIA  (NOl-CP-91047) 

Title:  Special  Projects  in  Hereditary  Cutaneous  Melanoma 

Contractor's  Project  Director:  Wallace  H.  Clark,  Jr.,  M.D. 

Project  Officer  (NCI):  Mark  H.  Greene,  M.D. 

Objectives:  To  perform  ultrastructural  (electron  microscopic)  analysis 
of  precursor  nevi  and  related  pigmented  lesions.  To  develop  educational 
materials  for  members  of  melanoma-prone  families,  the  physicians  involved 
in  their  care,  and  the  pathologists  responsible  for  interpreting  pigmented 
lesion  biopsies  from  high-risk  family  members. 

Methods  Employed:   Four  separate  educational  programs  will  be  produced, 
utilizing  the  clinical,  photographic,  and  histologic  material  previously 
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collected  in  studies  of  melanoma-prone  families.  The  actual  production 
work  is  to  be  subcontracted  to  Micom,  Inc.,  a  company  that  specializes 
in  the  production  of  educational  materials  of  this  type.  Selected 
pigmented  lesions  (including  junctional  nevi ,  compound  nevi ,  lentiginous 
melanocytic  dysplasia,  epithelioid  melanocytic  dysplasia,  halo  nevi, 
spindle  cell  tumors,  superficial  spreading  melanoma,  and  lentigo  maligna 
melanoma)  have  been  identified,  fixed,  and  appropriately  sectioned  for 
electron  microscopic  study. 

Major  Findings:  The  scripts  for  the  four  educational  packages  have  been 
completed.  The  accompanying  illustrative  material  has  been  selected  and 
is  now  being  produced;  this  includes  a  variety  of  special  charts  and 
tables.  Actual  production  of  the  final  packages  is  scheduled  to  begin 
April  15,  1980,  and  will  be  completed  by  June  15,  1980.  With  reference 
to  the  electron  microscopic  studies,  the  most  interesting  finding  to 
date  is  the  recognition  that  the  dysplastic  cells  in  the  precursor  nevi 
analyzed  are  virtually  indistinguishable  from  the  malignant  cells  seen 
in  fully  developed  malignant  melanoma.  The  number  and  architectural 
distribution  of  dysplastic  cells  is  not  the  same  as  in  true  melanoma. 
This  confirms  the  previous  light  microscopy  observations  which  suggested 
that  the  dysplastic  melanocytes  seen  in  precursor  nevi  are  very  closely 
related  to  the  cells  seen  in  malignant  melanoma.  These  studies  also 
document  that  dysplastic  nevi  can  be  clearly  distinguished  from  ordinary 
junctional  and  compound  nevi  at  the  ultrastructural  level. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  hereditary  variant  of  melanoma  and  precursor  nevus  syndromes  as 
melanoma  antecedents  are  much  more  common  than  previously  appreciated. 
There  is  an  urgent  need  to  familiarize  both  the  lay  and  professional 
communities  with  the  lesions  that  are  identifiable  melanoma  precursors 
so  that  high-risk  persons  can  be  appropriately  monitored  and  mortality 
from  melanoma  in  this  setting  significantly  reduced.  These  programs 
should  facilitate  this  educational  process,  which  is  directed  towards 
the  control  of  melanoma.  The  electron  microscopic  studies  may  provide  a 
new  set  of  data  to  substantiate  the  relationship  between  dysplastic  nevi 
and  malignant  melanoma.  They  may  further  permit  more  accurate  distinction 
between  severely  dysplastic  lesions  and  very  early  melanoma,  and  clarify 
associations  between  dysplastic  melanocytes  and  other  tumors  of  pigmented 
cells. 

Proposed  Course:  This  study  was  intended  to  be  a  one-year  project.  The 
educational  portion  of  the  project  will  be  easily  completed  in  that 
time.  Given  the  painstaking  complexities  of  electron  microscopic  analysis 
and  the  potential  importance  of  this  work,  consideration  is  being  given 
to  extending  this  portion  of  the  study  for  an  additional  year. 

Date  Contract  Initiated:  September  27,  1979 

Current  Annual  Level:  $98,000 
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UNIVERSITY  OF  TEXAS  MEDICAL  BRANCH  (N01-CP-71Q05) 

Title:  Epidemiology  of  Primary  Liver  Cancer  in  Selected  Counties  of  Texas 

Contractor's  Principal  Investigator:  Patricia  A.  Buffler,  Ph.D. 

Project  Officer  (NCI):  Thomas  J.  Mason,  Ph.D. 

Objectives:  This  project  is  designed  to  study  mortality  from  primary 
liver  cancer  in  selected  counties  in  Texas.  These  counties  were  selected 
because  they  have  the  highest  rates  of  primary  liver  cancer  in  this 
country. 

Methods  Employed:  The  contractor  will  use  a  case-control  approach 
selecting  two  controls  for  each  case  of  primary  liver  cancer  from  the 
next  deaths  which  occur  that  match  on  age  (within  the  same  five-year 
category),  sex  and  race.  The  occupation  and  industry  of  employment  will 
be  coded  from  death  certificates,  and  in  addition  information  regarding 
employment  and  exposure  in  specific  industries  will  be  ascertained. 

Major  Findings:  To  date,  the  contractor  has  maintained  a  high  level  of 
performance.  In  order  to  perform  an  epidemiologic  study  of  primary 
liver  cancer  in  Brazoria  County,  Texas,  the  cooperation  of  major  chemical 
manufacturing  companies  was  successfully  solicited.  This  provided  an 
opportunity  to  verify  employment  of  both  cases  and  controls.  The  Brazoria 
County,  Texas,  investigation  was  a  pilot  study  to  the  expanded  study  in 
Orange  and  Jefferson  Counties.  These  counties  are  in  an  area  which  has 
a  very  high  concentration  of  chemical  and  petrochemical  manufacturing 
plants.  The  experience  gained  by  the  field  team  in  the  collection  and 
analyses  of  data  pertinent  to  primary  liver  cancer  as  well  as  experience 
gained  concerning  histopathologic  confirmation  of  the  diagnoses  of  liver 
cancer  have  contributed  to  the  successful  completion  of  our  study  in 
Orange  and  Jefferson  Counties. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
This  project  will  contribute  to  the  NCI  objective  of  accurately  assessing 
the  incidence  and  mortality  of  cancer  and  identifying  factors  related  to 
cancer  risk.  An  investigation  of  this  type  also  fits  in  well  with  the 
specific  interest  in  the  geographic  distribution  of  malignancy  in  the 
United  States  which  the  Epidemiology  Branch  has  developed  over  the  past 
several  years.  Reports  of  excessive  mortality  from  primary  liver  cancer 
in  Texas  need  to  be  followed  up  by  means  of  a  project  such  as  this  to 
assess  the  relative  contribution  to  this  excess  from  industrial  (occupational) 
as  well  as  common  environmental  exposures. 

Proposed  Course:  This  contract  terminated  in  April,  1980.  The  analyses 
will  provide  an  assessment  of  the  magnitude  of  an  excess  of  liver  cancer 
in  these  selected  counties  and  also  the  association  of  this  disease  with 
potential  occupational  exposures  in  this  part  of  the  U.S. 
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Date  Contract  Initiated:  April  26,  1977 
Current  Annual  Level:  $171,562 

UNIVERSITY  OF  TEXAS  MEDICAL  BRANCH  (NOI-CP-91025) 

Title:  Etiologic  Study  of  Respiratory  Cancer  in  Coastal  Texas 

Contractor's  Project  Director:  Patricia  A.  Buffler,  Ph.D. 

Project  Officers  (NCI):  Thomas  J.  Mason,  Ph.D.  and  Linda  W.  Pickle,  Ph.D. 

Objectives:  To  examine  the  lung  cancer  experience  in  selected  areas  of 
the  State  of  Texas  with  specific  emphasis  on  quantifying  risk  factors. 

Methods  Employed:  The  methodology  is  that  of  a  case-control  interview 
study.  The  contractor  will  interview  each  selected  cancer  case  and 
matched  controls  (or  their  families  when  appropriate)  to  ascertain 
occupational,  environmental  and  personal  characteristics  of  the  study 
population.  This  study  will  be  performed  in  areas  which  have  been  found 
to  have  exceptionally  high  mortality  rates. 

The  sources  of  data  are  interviews  of  living  cases  and  controls  or, 
where  required,  from  interviews  of  next-of-kin. 

Major  Findings:  This  contract  was  initiated  in  September,  1979.  The  ... 
data  accumulated  to  date  are  insufficient  for  analysis. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Recent  reports  of  excessive  mortality  from  lung  cancer  in  Texas  need  to 
be  followed  up  by  means  of  a  project  such  as  this  to  assess  the  relative 
contribution  to  this  excess  from  industrial  (occupational)  as  well  as 
common  environmental  exposures.  This  type  of  investigation  also  fits  in 
well  with  the  specific  interest  in  the  geographic  distribution  of  malignancy 
in  the  United  States  to  which  the  Environmental  Epidemiology  Branch  is 
committed. 

Proposed  Course:  The  work  of  the  Environmental  Epidemiology  Branch  to 
date  has  pinpointed  several  specific  places  in  Texas  which  appear  to 
warrant  additional  study.  It  is  the  intent  of  the  contractor  to  concentrate 
on  these  areas  to  elicit  additional  etiologic  information.  The  need  to 
obtain  occupational  and  industrial  information  from  living  persons  is 
recognized,  and  an  approach  has  been  set  out. 

Date  Contract  Initiated:  September  30,  1979 

Current  Annual  Level:  $530,000 
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YALE  UNIVERSITY  -  CONTRACT  PENDING  (N01-CP-01Q29) 

Title:   Risk  of  Cancer  Following  Multiple  Chest  Fluoroscopies  for 
Tuberculosis  in  Connecticut 

Contractor's  Project  Director:   Jennifer  Kelsey,  Ph.D. 

Project  Officer  (NCI):   John  D.  Boice,  Sc.D. 

Objectives:   To  determine  the  long  term  health  effects  of  multiple 
low-dose  radiation  exposures  to  men  and  women  and  to  estimate  the  risk 
of  radiation-induced  leukemia,  lung  cancer  and  breast  cancer. 

Methods:   All  patients  discharged  alive  from  major  Connecticut  State 
tuberculosis  hospitals  between  1930  and  1952  will  be  studied.  Hospital 
records  will  be  used  to  determine  the  extent  of  the  tuberculosis  and  the 
number  of  fluoroscopic  examinations  performed  on  each  patient.  Death 
certificates  will  be  obtained  for  those  patients  who  have  died.  The 
Connecticut  Tumor  Registry  will  be  used  to  determine  the  incidence  of 
all  cancers  in  this  population. 

Major  Findings:   Not  applicable. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Persons  repeatedly  exposed  to  radiation  over  a  period  of  years  will  be 
evaluated.  This  study  will  determine  whether  low-dose  fractionated 
exposures  are  as  effective  in  producing  cancers  as  single  high-dose 
exposures  and  thus  has  relevance  to  cancer  etiology.  This  project  is 
also  a  major  component  of  the  Institute's  expanded  program  on  the  biological 
effects  of  ionizing  radiation. 

Proposed  Course:   Data  collection  will  proceed  for  approximately  three 
years  followed  by  analysis  and  publication  of  study  findings. 

Date  Contract  Initiated:   Approximately  June  1,  1980 

Current  Annual  Level :   Approximately  $100,000 
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CARCINOGENESIS  EXTRAMURAL  PROGRAM 
ORGANIZATIONAL  OVERVIEW 

The  Carcinogenesis  Extramural  Program  (CEP):  (1)  develops,  evaluates  and 
administers  the  Institute's  program  of  extramural  research  in  cancer  causation 
and  prevention;  (2)  is  responsible  for  program  management,  including  improved 
methods  and  practices;  (3)  maintains  liaison  between  extramural  activities  and 
various  organizations  and  scientists;  and  (4)  assists  in  allocating  resources 
and  evaluating  program  priorities  for  these  activities.  To  accomplish  its 
goals,  the  program  makes  use  of  a  variety  of  instruments  which  include  tradi- 
tional research  grants,  interagency  agreements,  and  contracts. 

Although  all  of  these  instruments  have  been  used  by  the  Institute  for  many 
years,  management  was  centralized  about  two  years  ago.  In  the  past,  grant- 
supported  activities  were  managed  by  the  Division  of  Cancer  Research  Resources 
and  Centers  (DCRRC),  while  projects  supported  under  contract  and  interagency 
agreement  resided  within  the  appropriate  collaborative  area  of  each  division. 

To  integrate  the  management  of  these  diverse  research  activities  and  better 
coordinate  the  activities  of  the  many  investigators  involved,  the  CEP  was 
established.  The  official  reorganization,  however,  has  not  yet  been  approved 
at  the  Department  level.  Technical  review  of  all  research  proposals  (contract 
and  grant)  is  conducted  by  the  Division  of  Extramural  Affairs  utilizing  tradi- 
tional peer  review  groups  whose  members  are  drawn  from  the  outside  scientific 
community.  For  contracts,  review  for  relevance,  priority  and  need  still  must 
be  performed  by  the  senior  staff  of  the  Division  of  Cancer  Cause  and  Prevention. 

The  Carcinogenesis  Extramural  Program  contains  three  branches:  Biological 
Carcinogenesis  Branch,  Chemical  and  Physical  Carcinogenesis  Branch,  and 
Special  Programs  Branch.  It  has  a  current  staffing  level  of  47  full-time 
permanent  positions  and  has  a  budget  of  $145  million  in  Fiscal  Year  1980. 

Significant  changes  in  Fiscal  Year  1980:  We  have  reduced  the  level  of  contract 
support  for  resources  to  the  research  community  in  general.  For  example,  we 
phased  out  support  for  activities  which  provide  materials  or  services  available 
through  commercial  sources  and  eliminated  low-demand  items  from  resource  in- 
ventories by  being  more  selective  in  responding  to  user  requests.  In  addition, 
we  are  investigating  the  feasibility  of  introducing  cost  recovery  mechanisms 
into  our  resources  activities.  Such  modifications  are  expected  to  reduce 
further  the  cost  of  providing  resources  in  future  years  since  we  anticipate 
that  further  reductions  will  be  required  in  Fiscal  Year  1981.  Careful  planning 
to  avoid  disrupting  effects  in  the  general  research  community  is  needed. 

We  have  also  reduced  or  phased  out  contract  support  of  investigator-initiated 
research  in  fields  where  grants  provide  adequate  coverage.  Funds  made  avail- 
able in  this  way  will  be  used  to  stimulate  the  development  of  high  priority 
projects  which  are  inadequately  covered  by  grants.  Examples  of  such  new  ini- 
tiatives might  include  requests  for  grant  applications  (RFA)  to  conduct  re- 
search on  causes  of  interspecies  variation  in  response  to  carcinogen  exposure. 
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The  overall  effects  of  these  modifications  in  program  content  will  include: 

(1)  a  gradual  transfer  of  current  resources  to  a  cost  reimbursement  system; 

(2)  increased  availability  of  funding  to  support  the  development  of  new 
resource  activities  required  by  the  changing  needs  of  investigators;  (3)  the 
phasing  out  of  contract-supported  research  in  areas  adequately  covered  by 
research  grant  applications;  and  (4)  an  increased  use  of  RFAs  to  stimulate 
research  activity  in  high  priority  areas. 

The  individual  branch  summaries,  which  follow,  report  outstanding  progress  in 
the  understanding  of  early  events  in  the  process  of  transformation;  in  eluci- 
dating the  metabolic  events  which  control  (either  by  activation  or  clearance) 
the  carcinogenic  effects  of  specific  chemicals;  and  in  developing  and  under- 
standing chemoprevention.  Of  equal  importance,  and  perhaps  more  immediate 
impact,  are  the  activities  devoted  to  obtaining  a  better  understanding  of  the 
environmental  factors  which  are  related  to  human  cancer  incidence.  Well- 
designed  epidemiological  studies  may  offer  new  information  on  which  effective 
intervention  programs  can  be  based.  All  of  these  areas  will  require  long-term 
program  support. 


I 
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FY '80 


^  CREGS  .8% 
In-House  1.2% 


Carcinogenesis  Extramural  Program  ($145.2  Million] 


Contracts 

Dollars 
53.2 

Percentage 

37% 

Grants 

88.1 

61% 

CREGS 

1.3 

.8% 

Sub-Total 

142.6 

98.8% 

In-House 

2.6 

1.2% 

Total 

145.2 

100% 

1243 


FY '80 


Distribution  of  Carcinogenesis  Extramural  Program  Contract  Funds 
($53.2  Million) 


Dollars 

Percentage 

Research  Contracts 

22.10 

42% 

Resource  Contracts 

13.8 

26% 

Interagency  Contracts 

8.5 

16% 

Frederick  Cancer 
Research  Center  Contract 

8.8 

16% 

Total 

53.2 

100% 
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FY '80 


Carcinogenesis  Extramural  Program  Contracts  ($53.2  Million) 

By  Branch 


Branch 

Dollars 

Percentage 

Biological 
Carcinogenesis 

27.0 

51% 

Chemical  &  Physical 
Carcinogenesis 

17.2 

32% 

Special  Programs 

9.0 

17% 

Total 

53.2 

100% 
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Carcinogenesis  Extramural  Program  Grants  ($88.1  Million) 
By  Branch 


Branch 

Dollars 

Percentage 

Biological 
Carcinogenesis 

42.5 

48% 

Chemical  &  Physical 
Carcinogenesis 

29.7 

34% 

Special  Programs 

15.9 

18% 

TOTAL 

88.1 

100% 
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Conference  1% 


Young 
nvesti gator  1% 
Cancer  Research 
Emphasis  1% 


Distribution  of  Carcinogenesis  Extramural  Program  Grants  Funds 

($89.4  Million) 


Dollars 

Percentage 

Traditional  Research 
Grants 

62.2 

70% 

Program  Project 
Grants 

24.5 

27% 

Conference  Grants 

.6 

1% 

Young  Investigator 
Grants 

.8 

1% 

Cancer  Research 
Emphasis  Grants 

1.3 

1% 

Total 

89.4 

100% 
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FY '80 


Carcinogenesis  Extramural  Program  Grants  ($88.1  Million) 

By  Type 


Dollars 

Percentage 

New 

(Tl) 

14.5 

16% 

Competi  ng 
Renewal  (T2) 

10.5 

12% 

Supplement 
(T3) 

1.5 

2% 

Continuation 
(T5) 

61.6 

70% 

Total 

88.1 

100% 
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SUMMARY  REPORT 

BIOLOGICAL  CARCINOGENESIS  BRANCH 

The  Biological  Carcinogenesis  Branch  (BCB)  plans,  initiates,  coordinates, 
evaluates,  and  maintains  an  extramural  basic  and  applied  research  program  on 
the  role  of  biological  agents  as  possible  etiological  factors  or  co-factors  in 
cancer  and  on  the  control  of  these  agents  and  their  diseases;  plans,  develops, 
allocates,  and  maintains  research  resources  necessary  for  the  conduct  of  the 
coordinated  research  program,  including  selection  of  appropriate  contractors 
and  management  of  resources  contracts;  develops  and  maintains  computerized 
management  information  systems;  plans  and  conducts  appropriate  scientific 
meetings  and  workshops  to  further  program  objectives;  establishes  program 
priorities,  evaluates  program  effectiveness,  integrates  the  activities  of  the 
various  elements,  represents  the  biological  program  area,  and  provides  advice 
in  management  and  scientific  decision-making  meetings  within  the  Division;  and 
provides  project  officers  for  monitoring  collaborative  research  activities  of 
the  Division. 

The  extramural  activities  of  the  Branch  are  accomplished  through  contractual 
agreements  with  universities,  research  institutes,  and  commercial  organiza- 
tions, and  through  traditional  individual  research  grants  and  program  project 
grants  with  universities  and  research  institutes.  Currently,  the  Branch 
administers  400  research  activities  with  an  annual  budget  of  approximately  67 
million  dollars.  The  research  projects  of  the  branch  divide  into  three  main 
categories.  Research  programs  on  viruses  with  a  DNA  core  which  are  known  or 
suspected  to  be  involved  in  the  induction  of  maljgnant  transformation  are 
included  in  the  DNA  Virus  Studies.  Research  dealing  with  RNA  core  viruses 
which  are  known  or  suspected  of  involvement  in  the  malignant  transformation 
of  animal  and  human  cells  are  covered  by  the  RNA  Virus  Studies.  Research 
concerned  with  general  mechanisms  of  cell  or  gene  control  and  function,  appli- 
cation of  various  carcinogenic  mechanisms,  and  multidisciplinary  host-virus 
interactions  are  managed  by  the  Special  Projects  area  of  the  Branch. 

To  facilitate  and  support  these  research  activities,  the  research  resources 
component  of  the  Branch  is  responsible  for  planning,  developing,  allocating 
and  maintaining  the  biological  research  resources  necessary  for  the  extramural 
research  effort.  The  Biological  Carcinogenesis  Branch  Research  Resources 
Contract  Review  Group  provides  general  support  and  recommendations  concerning 
biological  resources,  and  conducts  appropriate  reviews  for  the  BCB  research 
resources  contracts.  Research  resources  is  assisted  by  a  data  management 
element  which  is  responsible  for  the  automated  retrieval  and  inventories  of 
BCB  resources,  computer-systems  planning,  and  automated  analysis  and  manage- 
ment support.  The  automated  inventories  include  the  research  resources  virus 
inventory,  the  serum  collection,  the  human  tissue  collection,  and  the  virus, 
antisera  and  cell  culture  collections  of  the  satellite  resources  systems. 

An  additional  responsibility  of  the  Branch  is  the  monitoring  and  evaluation  of 
the  virus  and  reagent  production  activities  of  the  Viral  Resources  Laboratory 
at  the  NCI  Frederick  Cancer  Research  Center  (FCRC).  The  day-to-day  management 
of  the  distribution  of  the  research  materials  prepared  at  FCRC  for  extramural 
use  is  the  responsibility  of  the  BCB  research  resources  component. 
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Table  I  focuses  on  mechanisms  of  support  of  extramural  research  and  related 
activities  in  the  area  of  biological  carcinogenesis.  Table  II  provides  an 
estimate  of  grant  and  contract  support,  respectively,  in  each  of  the  four 
areas  described  above.  It  should  be  noted  that  although  only  73  contracts 
received  funding  during  FY  80  there  were  93  ongoing  contracts  being  admin- 
istered by  the  Branch  during  the  current  fiscal  year. 

The  Biological  Carcinogenesis  research  program  has  brought  together  investi- 
gators from  around  the  world  to  focus  their  skills  on  the  expansion  of  knowl- 
edge on  the  oncogenic  properties  of  viruses  and  their  relationship  to  human 
neoplasia  and  has  resulted  in  an  increased  understanding  of  the  nature  of  the 
interactions  between  viruses  and  cells.  It  has  opened  new  vistas  for  biolog- 
ical investigation  and  has  accelerated  new  developments  far  beyond  its  limited 
scope  of  activity.  An  awareness  of  the  value  of  tumor  viruses  as  tools  for 
the  study  of  biological  processes  now  exists  which  had  not  been  perceived  when 
the  research  program  was  begun.  We  now  know  that  different  viruses  can  cause 
cancer  in  different  mammalian  species  ranging  from  mice  to  large  domestic 
animals  and  monkeys,  and  that  such  viruses  may  be  transmitted  through  germ 
cells  as  well  as  from  animal  to  animal.  Highly  specific  probes  have  detected 
virus-related  components  in  human  cells. 

Major  emphasis  has  shifted  from  the  search  for  a  human  cancer  virus  in  the 
form  of  a  discrete,  infectious  entity  which  causes  malignancy  in  the  same 
predictable  fashion  as  the  cancer  viruses  of  some  lower  animals.   Instead,  it 
is  increasingly  likely  that  viral  information,  present  as  nucleic  acid 
sequences  in  genes  of  apparently  normal  human  cells  and  replicating  with  them, 
is  intimately  involved  with  the  development  of  cancer.  Triggered  by  chemical 
carcinogens,  radiation,  hormones,  the  aging  process,  and  other  influences, 
these  viral  sequences  may  direct  the  synthesis  of  the  proteins  responsible  for 
malignant  transformation  of  the  cell.  For  this  reason,  increased  attention 
has  been  given  to  studies  defining  the  interaction  of  viruses  and  cells  in 
both  animal  and  human  cancers  and  to  identify  minute  regions  of  virus  and  also 
cell  chromosomes  which  are  responsible  for  malignancy;  to  understand  the 
molecular  pathways  of  viral  replication  and  to  identify  virus  products  which 
may  trigger  the  transformation  of  a  cell  to  malignancy;  and  to  understand  and 
enhance  immune  mechanisms  which  ultimately  may  prevent  cancer. 

Investigations  carried  out  in  the  Biological  Carcinogenesis  research  program 
during  the  past  year  have  produced  valuable  insights  into  the  mechanisms  of 
viral  carcinogenesis  and  suggested  means  by  which  the  transformation  of  cells 
from  the  normal  to  the  malignant  state  occurs  and  might  be  arrested.  A  major 
advance  in  elucidating  the  mechanism  of  carcinogenesis  is  the  identification 
of  the  protein  product  coded  for  by  the  src  gene  of  the  avian  sarcoma  virus. 
This  protein  is  believed  to  be  the  agent  directly  responsible  for  transforming 
chicken  fibroblasts  to  sarcoma  cells  jji  vitro  and  for  inducing  cancer  in 
chickens.  Analogous  products  are  induced  by  other  tumor  viruses  and  in  some 
instances  have  been  identified.  The  importance  of  these  findings  is  that  they 
may  lead  to  the  formulation  of  general  principles  of  the  biogenesis  of  neo- 
plasia and  provide  useful  reagents  for  diagnosis,  prevention  or  treatment  of 
cancer.   For  example,  vaccination  with  a  virus-coded  product  (FOCMA)  of  the 
cat  leukemia  virus,  but  not  with  the  virus  itself,  has  been  successful  in 
controlling  cat  leukemia,  a  naturally  occurring  disease  in  an  outbred  species. 
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TABLE  I 

BIOLOGICAL  CARCINOGENESIS  BRANCH 

(Extramural  Activities  -  FY  1980  -  Estimated) 


No.  of $ 
Contracts/Grants (Millions) 


Research  Contracts 

Research  Grants 

Traditional  Project  Grants 

(277  grants;  $30.12  million) 

Conference  Grants 

(3  grants;  $0.20  million) 

New  Investigator  Research  Grants 
(12  grants;  $0.51  million) 

Program  Project  Grants 

(19  grants;  $11.67  million) 

Cancer  Research  Emphasis  Grants 

Research  Resources  Contracts 

Frederick  Cancer  Research  Center 

Research  Effort 

(1  contract;  $4.61  million) 

Extramural  Resources 

($0.50  million) 

Interagency  Agreements 

(1  contract;  $1.01  million) 


50 
311 


9.46 
42.50 


10 

1.20 

21 

7.86 

2 

6.12 

TOTAL 


394 


67.14 
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TABLE  II 
BIOLOGICAL  CARCINOGENESIS  BRANCH 


FY  80  (Estimated) 

CONTRACTS^  GRANTS^=^ 

No.  of  5     No.  of     % 

Contracts  (Millions)   Grants  (Millions) 


Biological  Special  Projects 
DNA  Virus  Studies 
RNA  Virus  Studies 
Biological  Research  Resources 


7 

2.05 

37 

8.4 

21 

3.45 

136 

17.4 

22 

3.91 

148 

17.9 

21 

7.86 

0 

0 

TOTAL  71      17.27       321     43.7 


*   Does  not  include  FCRC  (2  contracts). 
**  Includes  Cregs. 
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Advances  in  "restriction"  enzymology  have  permitted  exquisite  analysis  of  gene 
structure  and  function.  Genes  are  fragmented  at  specific  sites  by  enzymes  and 
the  biological  activity  of.  well  characterized  fragments  determined.  The 
technique  has  been  particularly  successful  in  the  analysis  of  tumor  virus 
genes  -  for  example,  in  identifying  and  determining  the  structures  of  the 
fragments  responsible  for  transformation  -  and  is  generally  applicable  to  the 
analysis  of  the  structure  and  function  of  any  viral  or  cellular  gene. 

A  recent  discovery  has  provided  insight  into  a  previously  unrecognized  mech- 
anism of  gene  regulation.  It  appears  that  contiguous  sequences  of  the  DNA  of 
genes  are  not  necessarily  faithfully  transcribed  to  the  homologous  RNA  messen- 
gers (as  appears  to  be  the  case  in  bacteria);  or,  if  they  are  faithfully  so 
transcribed,  then  portions  of  the  RNA  are  subsequently  deleted  and  the 
remaining  pieces  "spliced"  together  to  form  the  functional  messengers. 
Whatever  the  details,  the  net  effect  is  that  the  messengers  consist  of  sequen- 
ces transcribed  from  widely  separated  sections  of  the  DNA.  Clearly  there  is 
selectivity  in  this  process,  thus  exercising  control  over  what  kinds  of  DNA 
sequences  are  ultimately  expressed  as  proteins,  an  important  aspect  of  gene 
regulation. 

Antibodies  have  become  a  vital  tool  in  biological  carcinogenesis  research 
because  they  can  be  extremely  specific  in  their  reaction  with  the  molecules 
that  are  essential  to  the  functioning  of  the  cell.  Because  they  are  usually 
produced  in  the  blood  of  an  animal  or  human,  it  is  very  difficult  to  isolate 
them  from  one  another.  Now  a  means  has  been  found  to  make  large  quantitites 
of  pure,  highly  specific  antibodies  by  cells  in  tissue  culture.  Such  cul- 
tures, called  hybridomas,  are  one  result  of  fusing  antibody  producing  cells 
with  continuous  plasma  cell  lines.  The  monoclonal  antibodies  make  it  possible 
to  examine  a  wide  range  of  phenomena  in  biological  carcinogenesis  with  a 
precision  that  was  heretofore  unattainable  and  are  being  used  as  reagents  to 
investigate  the  transformation  proteins  of  viruses,  the  changes  that  occur  in 
the  surface  of  a  cell  when  it  becomes  malignant,  the  difference  between  cancer 
viruses,  and  a  host  of  other  aspects  of  malignant  transformation.  Within  the 
Biological  Carcinogenesis  research  program  a  number  of  laboratories  are  using 
this  new  technology  in  studies  involving  the  RNA  and  DNA  tumor  viruses.  These 
studies  range  from  immunogenetic  analysis  of  mouse  leukemia  viruses,  through 
receptor  protein  study  for  gene  regulation  analysis,  to  the  characterization 
of  viral  and  viral -induced  antigens  in  tumor  cells. 

Detailed  investigations  continue  on  the  detection  of  viral  information  in 
human  breast  carcinomas.  Studies  focus  on  the  detection  of  host  immunologic 
responses  to  selected  antigens  closely  related  to  surface  components  of  the 
murine  mammary  tumor  virus.  This  antigen  is  not  found  in  benign  breast  tumors 
and  has  been  detected  in  only  one  of  107  carcinomas  from  other  organs,  a 
mucoepi dermoid  carcinoma  of  the  parotid  gland.  Data  also  indicated  that  an 
invasive  carcinoma  associated  with  the  intraductal  component  of  breast  tissue 
is  more  likely  to  contain  the  cross-reacting  antigen  than  either  a  purely 
intraductal  or  purely  invasive  tumor.  A  family  history  of  breast  cancer  was 
also  associated  with  a  high  incidence  of  antigen  detection.  A  survey  of 
patient  material  from  different  countries  showed  the  level  of  association 
appeared  to  be  significantly  lower  (23.5%)  in  the  Far  East  and  significantly 
higher  (72.5%)  in  the  Middle  East  populations.  The  general  pattern  of  the 
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distribution  of  positives  in  new  American  cases  (46.3%)  has  not  changed.  The 
reactive  portion  of  the  surface  glycoprotein  of  the  mouse  mammary  tumor  virus 
is  a  polypeptide  with  a  molecular  weight  of  8000-10,000  daltons.  Biochemical 
studies  indicate  that  a  peptide  of  approximately  2000  daltons  apparently 
exhibited  the  cross  reactivity  with  the  human  breast  cancer  specific  antigen. 
This  human  breast  tumor  antigen  has  been  identified  as  a  protein  of  50-58,000 
daltons.  A  surprising  finding  is  the  indication  that  the  protein  in  the  human 
particle  is  found  in  the  core  rather  than  in  the  external  envelope.  If  the 
immunologic  and  biochemical  similarities  detected  between  human  and  mouse 
counterparts  of  this  disease  continue  to  be  borne  out,  a  potentially  useful 
product  applicable  in  humans  would  be  available  for  use  in  diagnosis,  prog- 
nosis and  possible  control  of  this  disease. 

The  progression  of  breast  lesions  in  rodent  and  man  may  be  envisioned  as  a  two 
step  process:  1)  nodule  transformed  cells  arise  in  normal  mammary  tissue  and 
emerge  as  hyperplastic  alveolar  nodules  (HAN),  and  2)  tumor  transformed  cells 
arise  in  HAN  and  emerge  as  mammary  tumors.  By  serially  transplanting  the 
preneoplastic  HAN  in  mammary  fat  pads,  a  number  of  hyperplastic  outgrowth 
(HPO)  lines  from  BALB/c  mice  have  been  established.  The  HPO  lines  available 
have  different  tumorigenic  potential  and  can  provide  sufficient  tissue  to 
enable  researchers  to  determine  the  role  of  viruses,  hormones,  and  chemicals 
as  inducers  of  the  preneoplastic  and  malignant  states.  New  outgrowth  lines 
are  being  developed  from  five  strains  of  mice  with  either  low,  medium  or  high 
tumor  incidence.  Each  outgrowth  line  will  be  characterized  using  biological 
and  virological  parameters. 

In  continuing  studies  on  the  association  of  Epstein-Barr  virus  (EBV)  with 
African  Burkitt's  lymphoma,  the  use  of  EBV-induced  membrane  antigens  in  a 
serological  assay  was  shown  to  have  possible  prognostic  value  in  assessing  the 
lymphomatous  state  of  patients  undergoing  treatment  for  Burkitt's  lymphoma. 
In  a  retrospective  study,  patients  with  high  titers  showed  partial  or  complete 
regression  of  lymphomas,  whereas  medium-and  low-titer  groups  showed  some  and 
no  response  to  therapy,  respectively.  These  preliminary  results  are  similar 
to  those  previously  reported  for  nasopharyngeal  carcinoma  and  may  provide  a 
valuable  prognostic  tool  in  treatment  of  Burkitt's  lymphoma  patients. 

Renal  transplant  recipients  suffer  a  high  incidence  of  both  herpes-virus 
infections  and  renal  neoplasias  after  implant.  Studies  on  the  effect  of 
prophylactic  treatment  of  renal  transplant  patients  with  human  leukocyte 
interferon  have  been  very  encouraging.  Replication  of  herpesviruses  and  the 
occurrence  of  viremia  have  been  significantly  reduced  in  a  small  number  of 
patients.  A  larger  patient  population  is  being  enrolled  and  the  optimum 
interferon  dosage  and  regimen  is  being  determined. 

Tumor  virus  polypeptides  and  glycoproteins  and  tumor  virus-induced  cellular 
antigens  have  been  used  to  demonstrate  both  their  immunizing  potential  in 
rodents,  cats,  and  nonhuman  primates  against  tumor  virus  infection  and  tumor 
virus  activation  and  their  potential  usefulness  as  diagnostic/prognostic 
markers.  These  studies  form  the  basis  for  current  efforts  on  the  development 
of  subunit  vaccines  for  prevention  of  human  genital  cervicitis  and  methodol- 
ogies for  prognosis  of  BL  and  NPC  patients.  Herpes  simplex  virus  type  2 
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(HSV-2)  is  the  etiologic  agent  of  human  genital  cervicitis  and  may  be 
implicated  in  human  uterine  cervical  carcinoma.  A  HSV-2  subunit  vaccine  was 
shown  to  provide  significant  protection  in  nude  mice  against  acute  and,  more 
importantly,  latent  ganglionic  infection  after  challenge  by  homologous  and 
heterologous  strains  of  herpes  simplex  virus.  Small  clinical  tests  of  this 
vaccine  have  been  initiated  in  adult  human  volunteers. 

Protective  vaccination  of  cats  with  a  virus-coded  product  (FOCMA),  but  not 
with  the  virus  itself,  has  been  successful  in  controlling  cat  leukemia. 
Further,  using  highly  purified  glycoprotein  (gp70)  present  at  the  outer  mem- 
brane of  the  Friend  murine  leukemia  virus,  antibodies  have  been  prepared  with 
interspecies  activity  that  limit  the  development  of  leukemias  and  sarcomas  in 
mice  and  cats.  Additionally,  sophisticated  serodiagnostic  procedures  are 
being  developed  to  aid  in  detecting  the  antigens  of  tumor  causing  viruses, 
thus  aiding  in  the  control  of  the  diseases  caused  by  these  agents.  For 
example,  antigens  of  the  bovine  leukemia  virus  can  now  be  detected  relatively 
early  after  infection  and  carriers  readily  identified,  thus  aiding  in  the 
control  of  this  horizontally  spread  disease.  The  importance  of  these  findings 
is  that  they  may  lead  to  the  formulation  of  general  principles  of  the  biogen- 
esis of  neoplasia  and  provide  useful  reagents  for  the  diagnosis,  prevention  or 
treatment  of  cancer  in  man. 

Among  the  research  support  items  available  through  research  resources  are: 
testing  services  to  establish  the  identity  of  cell  cultures  and  the  presence 
of  viruses  in  biological  specimens;  limited  numbers  of  experimental  animals 
including  primates,  nude  and  congenic  mice  and  gnotobiotic  avian  materials; 
avian  myeloblastosis  virus  reverse  transcriptase;  primate,  feline,  avian  and 
murine  viruses  as  well  as  antisera  to  these  agents  and  their  subunit  proteins; 
and  human  specimens  for  research  purposes.  Thus  a  wide  range  of  services  and 
biological  materials  are  available  to  support  the  needs  of  research  in  biolog- 
ical carcinogenesis.  A  summary  of  the  current  research  resource  activities  by 
type  of  effort  and  funding  is  shown  in  Table  III.  Approximately  one  half  of 
the  resource  budget  was  devoted  to  virus  production  and  the  preparation  of 
reagents;  approximately  one  quarter  of  the  budget  was  used  for  specialized 
laboratory  animals;  the  remaining  dollars  were  used  for  testing  and  service 
efforts,  and  the  acquisition  and  distribution  of  human  specimens.  One  new 
effort  involving  the  woodchuck  hepatoma  model  was  initiated  in  conjunction 
with  the  National  Institute  of  Allergy  and  Infectious  Diseases.  The  overall 
funding  level  for  the  BCB  research  resources  in  the  current  period  was  reduced 
by  approximately  3  million  dollars  from  the  planned  operating  level.  This 
reduced  effort  will  have  a  substantial  impact  on  the  virus  production  effort. 
A  user  survey  for  all  21  resource  contracts  is  in  progress. 

The  Biological  Carcinogenesis  Branch  also  plans  and  conducts  appropriate 
scientific  meetings  and  workshops  to  review  the  current  status  of  selected 
extramural  research,  to  solicit  the  views  and  attitudes  of  the  scientific 
community,  to  evaluate  new  ideas  and  concepts,  and  to  help  formulate  extra- 
mural research  projects  for  further  development. 

In  the  field  of  tumor  virology,  hybridomas  are  now  being  developed  and  used  to 
explore  host  versus  virus  relationships,  virus  versus  virus  identifications, 
structural  versus  nonstructural  virus  proteins,  and  etiological  associations 
and  mechanisms  of  carcinogenesis.  Careful  and  extensive  analysis  is  required 
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TABLE  III 
Resource  Activities  by  Type  of  Effort  and  Funding 


Activity 


Contracts* 


Funding 


Viruses  and  Reagents 
Animal  Resources 
Testing  and  Service  Effort 
Human  Specimens 


21 


$3,793,868 

1,876,366 

1,855,310 

343,000 

$7,868,544 


*Does  not  include  FCRC. 
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to  identify  the  specific  antibody  produced  by  the  cell  fusion,  and  the  hybri- 
domas  and  antibody-producing  clones  are  usually  tailored  to  meet  specific 
research  projects  and  problems.  Within  the  biological  carcinogenesis  extra- 
mural research  program  a  number  of  laboratories  have  already  started  to  make 
use  of  this  new  technology.  These  studies  involve  investigations  concerning 
RNA  core  tumor  viruses,  DNA  viruses,  and  also  multidisciplinary  special 
projects. 

A  workshop  on  "Hybridoma  Technology"  was  held  at  the  Scripps  Clinic  and 
Research  Foundation,  La  Jolla,  California,  during  October  18-19,  1979.  The 
objective  of  the  workshop  was  to  develop  directions  for  extramural  research 
and  technology  that  would  help  improve  our  understanding  of  the  role  of 
viruses  in  human  cancer  and  the  mechanisms  of  carcinogenesis.  Topics  dis- 
cussed included  the  nature  and  specificities  of  hybridomas  currently  avail- 
able, selection  criteria  for  myeloma  and  spleen  cells,  immunization  choices, 
screening  for  the  characteristics  of  antibody  produced,  application  to  tumor 
virus  research,  and  mechanisms  for  central  storage  and  distribution  of 
hybridomas  to  the  scientific  community.  The  participants  at  the  workshop 
discussed  and  evaluated  a  variety  of  research  concepts  related  to  hybridomas 
and  generated  several  recommendations  about  hybridoma  technology  which  can  be 
acted  upon  by  the  carcinogenesis  extramural  program. 

A  workshop  on  "The  Systematics  of  Breast  Cell  Transformation"  was  held  in 
Detroit,  October  29-31,  1979.  The  purpose  of  the  workshop  was  to  discuss 
specific  details  in  breast  cancer  as  a  disease  process:  how  chemicals 
and  infectious  causative  agents  are  disseminated  in  the  environment;  how 
they  interact  with  breast  cells  to  cause  hyperplasia;  how  benign  hyper- 
plastic cells  become  tumorigenic  and  how  that  tumorgenic  cell  population 
changes  to  become  progessively  more  malignant.  Some  60  investigators  active 
in  those  aspects  of  breast  cancer  research  attended  the  workshop.  The  work- 
shop represented  the  state  of  breast  cancer  research  and  provided  impetus  for 
more  intense  research  in  defining  the  growth  properties  of  normal  stem  cells 
in  the  breast  at  risk  for  neoplastic  transformations,  and  defining  tumor  cell 
lineages  as  variants  in  normal  hormonal  responses.  The  workshop  ended  with  a 
session  on  the  mechanisms  of  cell  transformation  as  studied  in  new  J_n  vitro 
cell  culture  systems. 

A  workshop  on  "Assays  for  Identification  of  High  Risk  Individuals  in  Autosomal 
Dominant  Gene  Cancer  Family  Members"  was  held  at  the  National  Institutes  of 
Health,  Bethesda,  Maryland  during  January  29-30,  1980.  The  objective  of  the 
workshop  was  to  review  the  state-of-the-art,  to  discuss  the  merits  and  defi- 
ciencies of  the  individual  assay  systems,  and  to  attempt  to  establish  criteria 
to  use  in  evaluating  the  assay  systems.  Emphasis  was  placed  on  determining 
the  parameters,  validity,  and  of  the  assay  procedures.  The  topics  discussed 
included  pedigree  analysis,  viral  assays,  chromosomal  and  genetic  markers, 
assay  protocols,  specimen  collection  and  distribution,  and  data  collection  and 
analysis.  A  variety  of  data  and  concepts  related  to  assay  procedures  were 
evaluated.  Specific  recommendatons  were  made  regarding  steps  to  be  taken  in 
the  immediate  future  to  establish  the  reproducibility  and  reliability  of 
certain  assay  procedures. 
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A  workshop  on  "Biological  Carcinogenesis"  will  be  held  in  Detroit,  June  11-13, 
1980.  The  purpose  of  the  workshop  is  to  to  develop  new  research  initiatives 
which  combine  the  salient  features  of  tumor  virology  and  chemical  carcino- 
genesis, and  to  determine  which  of  the  conceptual  and  methodological  approaches 
of  each  discipline  are  applicable  to  the  other. 
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SUMMARY  REPORT 

GRANTS  ACTIVITIES 

Biological  carcinogenesis  studies  involve  the  role  of  viruses  as  a  primary  or 
contributory  factor  in  the  cause  of  cancer  and  the  consequences  of  this  for 
the  identification  of  susceptible  individuals,  early  diagnosis,  and  develop- 
ment of  new  modes  of  prevention  and  treatment.  Investigations  comprise  studies 
at  the  cellular  and  molecular  levels,  as  well  as  the  level  of  the  host,  in 
model  systems  and  in  man.  They  include,  among  others,  the  nature  and 
mechanism  of  neoplastic  transformation  and  its  expression  at  all  levels  of 
biological  organization,  the  biology  and  chemistry  of  the  cell -virus  and 
host-virus  relationship,  the  pathogenesis,  pathology  and  immunology  of 
virus-induced  neoplastic  diseases,  and  basic  research  relevant  to  cancer,  such 
as  investigations  of  gene  expression  and  cell  regulatory  functions  in  which 
viruses  are  important  tools.  Within  the  Branch,  the  grants  research  activities 
are  grouped  into  three  components  comprising  DNA  virus  studies,  RNA  virus 
studies,  and  special  projects. 

In  the  DNA  virus  studies  component  there  are  approximately  135  grants.  Of 
these,  the  major  research  emphasis  concerns  virus  genome  expression  and 
intracellular  control  (75  grants)  and  studies  on  mechanisms  of  transformation 
at  the  genome  level  (31  grants).  In  terms  of  the  viruses  being  studied,  30 
grants  concern  the  herpesviruses  (fairly  evenly  divided  between  HSV  and  EBV), 
and  100  grants  concern  the  better  known  smaller  DNA  viruses,  SV40,  polyoma, 
and  the  adenoviruses. 

In  studies  conducted  to  determine  how  transforming  proteins  cause  conversion 
of  the  cell  to  tumorigenicity,  it  appears  that,  in  the  case  of  SV40,  the  same 
protein,  T  antigen,  may  be  involved  in  both  transformation  and  in  regulation 
of  viral  DNA  replication  and  transcription.  The  recent  finding  of  protein 
kinase  activity  in  the  src  protein  of  ASV  and  also  in  the  SV40  T  antigen 
provides  a  strong  basis  for  determining  the  targets  of  such  enzymatic  activity. 

It  is  well  known  that  SV40  DNA  is  integrated  into  the  cell  DNA.  In  order  to 
learn  more  about  the  molecular  mechanisms  involved  in  integration,  the  struc- 
ture of  the  integrated  viral  DNA  and  nearby  sequences  is  being  defined.  In  a 
series  of  independently  derived  transformants  of  the  BALB/c  3T3  cell  line,  it 
was  determined  by  restriction  endonuclease  mapping  that  SV40  DNA  integration 
is  not  site-specific. 

Papovavi ruses  of  the  SV40-polyoma  subgroup  have  been  isolated  from  primates, 
rabbits,  rats  and  mice.  Antisera  prepared  by  vaccination  with  intact  virions 
of  a  given  member  of  the  subgroup  show  marked  specificity  for  that  virus. 
Slight  cross-reactivity  has  only  been  shown  between  the  primate  papovavi ruses, 
BKV,  JCV,  and  SV40.  However,  in  a  study  of  disrupted  virions,  it  was  shown 
that  a  virion  polypeptide  (VPl)  not  on  the  surface  of  the  virion,  is  an  anti- 
genic determinant  shared  by  all  of  the  members  of  the  SV40-polyoma  subgroup. 
This  suggests  that  the  subgroup  has  a  common  evolutionary  origin  and  that  VPl 
may  be  useful  in  identifying  new  viruses  of  this  subgroup. 


1259 


studies  are  continuing  to  resolve  the  question  of  whether  there  is  a  unique 
portion  of  EBV  DNA  associated  with  strains  derived  from  Burkitt's  lymphoma 
(BL)  patients.  So  far,  with  the  exception  of  the  nontransforming  strain, 
HR-1,  transforming  strains  from  cases  of  infectious  mononucleosis  and  BL 
demonstrate  considerable  homogeneity,  with  only  slight  variation  in  the  size 
of  certain  fragments.  Physical  maps  of  the  DNAs  are  being  prepared  for  more 
detailed  study. 

Major  progress  has  been  made  toward  understanding  how  recA  protein,  which 
catalyzes  homologous  pairing  of  DNA  molecules,  mediates  recombination  i_n  vitro 
in  E.  coli.  In  studies  on  formation  of  D-loops  from  single-stranded  fragments 
and  circular  duplex  DNA,  it  was  shown  that  single  strands  play  a  key  role  in 
initiating  the  pairing  reaction.  The  amount  of  single-stranded  DNA  determines 
the  stoichiometric  requirement  for  recA  protein.  More  importantly,  single- 
stranded  DNA,  whether  homologous  or  not,  stimulates  recA  protein  to  bind  and 
partially  unwind  duplex  DNA  in  the  presence  of  an  ATP  analog.  Thus,  it  is 
hypothesized  that  recA  protein  first  brings  single-stranded  and  double- 
stranded  DNA  into  proximity  and  then  partially  unwinds  the  duplex  DNA  in  order 
to  search  for  homology.  The  kinetics  of  synthesis  of  D-loops  by  recA  protein 
resemble  classical  Michael is-Menten  kinetics,  confirming  that  a  ternary  complex 
of  recA  protein  and  two  DNA  molecules  is  a  precursor  whose  conversion  to  a 
D-loop  is  rate-limiting.  RecA  protein  makes  stable  joint  molecules  when  one 
participant  is  single-  or  partially  single-stranded  and  one  participant  has  a 
free  end.  The  specificity  is  explained  by  the  ability  of  recA  protein  to 
unwind  duplex  DNA  when  stimulated  by  single  strands  and  by  its  lack  of 
topoisomerase  activity. 

The  hr-t  region  of  polyoma  virus  has  been  shown  to  be  important  in  the  process 
of  cell  transformation  and  in  coding  for  portions  of  both  small  and  middle  T 
antigens.  Physical  mapping  and  DNA  sequencing  have  shown  that  all  of  the  hr-t 
mutants  lie  in  the  common  region  affecting  both  small  and  middle  T  antigens. 
The  hr-t  gene  appears  to  govern  all  the  cellular  changes  occurring  in  trans- 
formation. These  include  cell  surface  changes,  changes  in  the  cytoskeleton, 
gross  morphological  changes,  and  loss  of  growth  control  and  tumorigenicity. 
Studies  are  now  underway  to  determine  the  separate  contributions  of  small  and 
middle  T  antigens  and  whether  both  proteins  are  necessary  for  all  of  the 
expressions  of  the  hr-t  gene. 

There  are  over  200  individual  projects  being  conducted  on  RNA  tumor  viruses 
with  funds  obtained  through  the  grant  mechanism.  Of  these,  53%  are  predom- 
inantly involved  with  studies  in  the  murine  model  system  and  35%  are  involved 
with  the  avian  model  system.  The  remaining  12%  involve  studies  on  feline 
oncornavirus  diseases  (5.5%),  bovine  leukemia  (4.5%),  putative  human  and  known 
subhuman  primate  oncornaviruses  (1.5%),  and  hamster  oncornaviruses  (0.5%). 
Approximately  80%  of  all  grant  supported  RNA  virus  studies  are  devoted  to 
studies  of  the  biology  of  viral  infections  and  the  consequences  thereof  at  the 
molecular  level.  The  remaining  20%  touch  on  a  variety  of  subjects  such  as 
pathogenesis,  etiology,  genetics  and  cocarcinogenesis. 

ASV,  AEV  and  MC29V  induce  distinctly  different  spectra  of  tumors  within  their 
host.  The  putative  transforming  genes  of  these  viruses  share  no  detectable 
homology  although  sequences  homologous  to  all  3  types  of  putative  transforming 
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genes  occur  and  are  highly  conserved  in  the  genomes  of  several  vertebrate 
species.  Further  studies  have  shown  that  the  integrated  ASV  proviral  DNA 
resides  at  a  different  site  within  the  host  cell  genome  in  each  transformed 
cell  line.  Maintenance  of  at  least  one  complete  copy  of  the  integrated  viral 
genome  is  required  for  continuous  expression  of  the  transformed  phenotype  in 
mammalian  cells.  These  data  suggest  that  evolution  of  oncogenic  retroviruses 
has  frequently  involved  a  mechanism  whereby  incorporation  and  perhaps  modifica- 
tion of  different  host  genes  provides  each  virus  with  the  ability  to  induce 
characteristic  tumors.  Indeed,  it  is  the  cellular  information  in  the  genome 
of  recovered  avian  sarcoma  virus  that  directs  the  synthesis  of  the  transforming 
protein. 

Many  of  the  complexities  involved  with  the  unraveling  of  the  nature  of  DNA 
sequences  normally  present  in  cells  and  related  to  tumor  viruses  could  be  more 
readily  resolved  in  a  model  system  lacking  all  endogenous  oncogenic  viruses. 
A  breeding  program  designed  to  produce  chickens  that  are  free  of  endogenous 
oncogneic  viruses  has  resulted  in  50  progeny,  with  three  chickens  out  of  the 
20  tested  so  far  found  to  be  free  of  endogenous  virus. 

The  application  of  restriction  endonucleases  and  mapping  techniques  has  lead 
to  an  even  clearer  understanding  of  the  nature  and  structural  arrangement  of 
genes,  particularly  viral  genes.  For  example,  the  fragments  responsible  for 
transformation  have  now  been  mapped  for  several  avian  oncogenic  viruses  and 
shown  to  have  specific  sequences  that  are  related.  The  techniques  used  in 
studying  the  structure  and  function  of  viral  genes  is  equally  applicable  to 
studies  of  cellular  genes,  and  is  an  approach  that  has  received  considerable 
attention.  Aided  by  the  techniques  of  recombinant  DNA  technology,  specific 
cellular  genes  controlling,  for  example,  insulin  production,  have  now  been 
isolated  and  characterized,  then  amplified  and  permanently  inserted  into 
eukaryotic  cells.  Such  genetically  altered  cells  are  then  capable  of  producing 
relatively  large  quantities  of  the  completely  formed  gene  product  coded  for  by 
the  inserted  gene. 

There  have  been  dramatic  advances  in  the  production  of  monoclonal  antibodies 
from  hybridomas  formed  by  the  fusion  of  antibody  producing  cells  with 
continuous  plasma  cells  or  viral  transformed  cells  or  some  other  cell  type 
that  is  the  subject  of  study.  Clonal  isolates  of  hybridomas  produce  highly 
specific  antibodies  against  highly  specific  antigenetic  determinants,  thus 
making  possible  more  sophisticated  studies  involving  antigen-antibody  reactions 
than  is  possible  by  conventional  methods.  Numerous  monoclonal  antibody- 
producing  hybrid  cells  have  been  produced,  their  products  characterized  and 
applied  in  virological  studies.  For  example,  monoclonal  antibodies  have  been 
used  in  competition  binding  assays  to  investigate  the  arrangement  of  six 
independent  antigenic  sites  (epitopes)  on  the  envelope  proteins  of  SKR 
leukemia  virus.  Two  distinct  antigen  sites  were  demonstrated  on  both  the  gp70 
and  pl5(E)  envelope  proteins.  With  the  gp70  protein,  one  antigenic  site 
contained  two  epitopes  and  the  other  antigenic  site  contained  one  epitope.  A 
similar  pattern  was  found  with  the  pl5(E)  protein.  Antibodies  against  the 
gp70  epitopes  did  not  produce  virolysis  whereas  antibodies  against  pl5(E) 
epitopes  lysed  the  viruses  at  high  titer.  The  pl5(E)  protein  is  known  to  be 
embedded  directly  in  the  viral  membrane  whereas  the  bulk  of  the  glycoprotein 
gp70  projects  from  the  surface  of  the  virion;  thus  these  results  indicate  that 
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the  lytic  activity  of  an  antibody  is  related  to  the  distance  of  the  antibody- 
epitope  complex  from  the  membrane  layer. 

Sophisticated  serodi agnostic  procedures  are  being  developed  to  aid  in  detecting 
the  antigens  of  tumor  causing  viruses,  and  thus  aid  in  the  control  of  the 
diseases  caused  by  these  agents.  For  example,  antigens  of  the  bovine  leukemia 
virus  can  now  be  detected  relatively  early  after  infection  and  carriers 
readily  identified,  thus  aiding  in  the  control  of  this  horizontally  spread 
disease.  Similarly  early  detection  of  carriers  of  cat  leukemia  virus  aids  the 
control  of  this  horizontally  spread  disease  as  well.  It  is  anticipated  that 
monoclonal  antibodies  will  be  coming  into  use  in  the  development  of  very 
sensitive  and  rapidly  performed  assays  for  the  detection  of  viral  infections 
and  nonsymptomatic  carriers. 

The  Special  Projects  area  includes  approximately  forty-six  grants.  The 
research  deals  with  morphogenesis  of  mouse  mammary  tumor  virus  (MuMTV)  (9 
grants);  detection  of  viral  information  in  human  breast  cancer  (1  grant); 
detection  of  host  immunological  response  to  type  B  retroviruses  (2  grants); 
relationship  of  immune  function  to  tumorigenesis  (1  grant);  growth  and  cell 
control  processes,  mechanisms,  and  regulation  of  gene  expression  in  viral  and 
nonviral  systems  (21  grants);  biogenesis  of  transformed  membranes  (4  grants); 
viral  structure  (2  grants);  and  efficacy  of  antiviral  compounds  (3  grants). 
In  addition,  three  grants  support  workshops,  symposia  and  courses.  The 
approach  used  for  all  experimentation  has  been  to  study  several  model  systems 
utilizing  the  combination  of  viruses  and  either  microorganisms  or  animals  for 
evidence  of  viral  carcinogenesis.  The  studies  utilizing  phage  and  bacteria  or 
yeast  hopefully  will  elucidate  the  control  mechanisms  of  gene  organization  and 
expression  which  can  then  be  applied  to  eukaryotic  systems.  The  animal 
studies  are  necessary  for  developing  reagents,  techniques  and  new  approaches 
that  might  be  applicable  to  studies  concerning  the  etiology  and  control  of 
human  cancer. 

Several  projects  are  investigating  the  genetic  factors  controlling  host 
susceptibility  and  one  approach  is  to  examine  the  mouse  genome  with  restric- 
tion endonucleases  for  the  presence  of  endogenous  MuMTV  proviruses.  Using  a 
combination  of  somatic  cell  genetics,  molecular  hybridization  and  restriction 
endonuclease  digestion,  multiple  MuMTV  proviruses  have  been  located  in  at 
least  three  different  chromosomes  in  the  A  strain  mouse.  A  number  of  these 
endogenous  elements  commonly  encountered  in  laboratory  strains  have  been 
identified,  and  detailed  physical  maps  of  those  elements  found  in  BALB/c  mice 
have  been  constructed.   It  was  also  demonstrated  that  some  mice  carried 
endogenous  proviruses  identical  to  proviruses  inserted  during  infection  of  the 
common  milk-borne  strains  of  virus;  in  addition,  the  GR  mouse,  in  which 
oncogenesis  occurs  independently  of  milk-borne  infection,  carries  copies  of 
such  proviruses.  The  endogenous  provirus  responsible  for  late  tumors  in  C3Hf 
mice  has  been  identified  as  one  of  the  endogenous  elements  (Unit  II)  present 
in  many  mouse  strains.  The  structure  of  these  endogenous  proviruses  closely 
resembles  that  of  proviruses  introduced  by  laboratory  infection,  further 
suggesting  that  the  endogenous  elements  result  from  germ  line  infection  rather 
than  from  evolution  from  cellular  genes. 

Studies  examining  the  tumorigenesis  of  MuMTV  are  continuing.   Reports  have 
indicated  that  tumors  induced  in  BALB/c  mice  contained  multiple  new  proviruses 
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at  a  large  number  of  possible  sites  and  that  tumors  appear  to  be  clonal. 
Subsequent  studies  have  been  extended  to  tumors  arising  in  animals  under  the 
influence  of  endogenous  viruses:  GR  virus  in  GR  mice,  and  MuMTV  (C3Hf)  virus, 
or  Unit  II  (provirus  sequences),  in  C3Hf  and  BALB/NIV  micel.  With  one 
possible  exception,  all  the  tumors  resembled  those  studied  in  BALB/cfC3H  mice 
in  that  they  contained  one  or  more  provi ruses  and  appeared  clonal  by  analysis 
with  restriction  enzymes.  This  result  indicated  that  a  new  insertion  of 
information  encoded  in  endogenous  viruses  may  be  an  obligatory  step  in 
oncogenesis. 

Utilizing  the  indirect  immunofluorescence  test  the  MuMTV  related  human  breast 
tumor  antigen  has  been  detected  in  the  sera  (diluted  1:8)  of  55  (40.9%)  of  137 
patients  with  breast  carcinoma.  Antibodies  to  MuMTV- related  antigen  were 
detected  also  in  the  sera  from  5  of  27  (18.5%)  patients  with  benign  breast 
disease  and  in  8  of  59  (13.5%)  patients  with  malignancies  other  than  breast 
carcinoma.  The  sera  of  42  apparently  healthy  women  ranging  in  age  from  30  to 
80  years,  with  no  history  of  cancer,  were  negative.  The  degree  of  reactivity 
increased  with  age  and  also  in  patients  with  infiltrating  ductal  carcinoma  of 
the  mucinous  type.  Biochemical  studies  involving  attempts  to  isolate  and 
purify  the  human  breast  tumor  antigen  are  in  progress.  In  one  study  a  protein 
of  58,000  daltons  was  isolated  to  apparent  homogeneity  from  human  milk  and 
shown  to  be  immunologically  related  to  gp55,  the  major  envelope  glycoprotein 
of  MuMTV  (RIII). 

In  vitro  studies  with  MuMTV  showed  that  treatment  of  GR  cells  grown  in  tissue 
culture  in  the  presence  of  dexamethasone  with  50  u/ml  of  partially  purified 
mouse  interferon  inhibited  the  extracellular  virus  production  by  about  80%  as 
measured  by  virus-associated  reverse  transcriptase  activity  or  by  metabolic 
labeling  of  the  virus  with  H-uridine  or   C-amino  acids.  There  was  no 
inhibition  of  cellular  RNA  or  protein  synthesis  under  these  conditions. 
Similar  results  were  obtained  when  the  same  dose  of  pure  mouse  interferon  was 
used.  Though  the  interferon- treated  cells  produced  fewer  extracellular  virus 
particles,  the  intracellular  levels  of  viral  RNA  as  measured  by  hybridization 
analyses  and  the  intracellular  levels  of  the  major  viral  envelope  and  core 
proteins  as  measured  by  radioimmunocompetition  assays,  were  not  lowered  in  the 
interferon-treated  cell.  Electron  microscopy  of  thin  sections  from  the  control 
and  interferon-treated  cells  revealed  no  gross  differences  in  any  subcellular 
structures.  Scanning  electron  microscopy  showed,  however,  an  increased  number 
of  virus  particles  on  the  cell  surface  of  the  interferon-treated  cells.  These 
results  suggest  that  the  late  stages  of  virus  morphogenesis  and/or  the  release 
of  MuMTV  from  the  cell  is  impaired  by  the  interferon  treatment  of  GR  cells. 

Workshops,  conferences  and  courses  supported  by  grants  in  FY80  included  the 
following:  (1)  Moveable  Genetic  Elements,  May  28-June  4,  1980  under  the 
auspices  of  the  Cold  Spring  Harbor  Symposium  on  Quantitative  Biology  (R13  CA 
02809);  (2)  Cold  Spring  Harbor  Cancer  Research  Courses  (R13  CA  16224);  in  FY80 
these  included:  Molecular  Biology  and  Developmental  Genetics  of  Drosophila, 
June  8-28,  1980;  Animal  Cell  Culture  In  Serum-Free  Medium,  June  14-28,  1980; 
Molecular  Cloning  of  Eukaryotic  and  Viral  Genes,  June  30-July  20,  1980;  Yeast 
Genetics,  July  23-August  12,  1980;  and  Transformed  Cells  and  Teratocarci nomas, 
July  23-August  12,  1980;  and  (3)  International  Workshop  In  Oncogenic  Viruses, 
May  26- June  6,  1980  (R13  CA  27449). 
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SUMMARY  REPORT 

DNA  VIRUS  STUDIES 

DNA  Virus  Studies  supported  by  the  contract  mechanism  concern  research  to 
explore  the  possible  etiological  relationship  of  DNA  viruses  to  human  malig- 
nancy and  applied  research  to  develop  methods  of  intervention  for  neoplastic 
diseases  associated  with  DNA  viruses.  The  viruses  being  studied  are  the 
Epstein-Barr  virus  (EBV),  herpes  simplex  viruses  (HSV),  and,  to  a  lesser 
degree,  the  papovavi ruses,  JC,  BK,  and  wart  viruses,  both  human  and  bovine, 
and  the  adenoviruses. 

EBV  Research  Studies  on  the  characterization  of  EBV  from  different  sources 
by  restriction  enzyme  cleavage  have  shown  that  most  isolates  have  unique 
patterns.  However,  data  obtained  on  viral  DNA  from  cell  lines  Raji,  NC-37, 
and  F-265  indicated  that  these  three  cell  lines  may  be  identical.  The  NC-37 
and  F-265  lines  were  established  more  than  10  years  ago  and  were  believed  to 
be  derived  from  normal  individuals.   In  addition,  the  NC-37  line  is  widely 
used,  sometimes  as  a  prototype  lymphoblastoid  line  of  nontumor  origin.  A 
current  study  suggests  that  these  lines  are  sub-lines  of  the  Burkitt's 
lymphoma-derived  Raji  line  and  may  have  arisen  from  contamination  of  culture 
material  with  Raji  cells. 

The  association  of  EBV  with  NPC  has  been  primarily  based  on  serological  find- 
ings and  the  presence  of  EBV  DNA  in  NPC  tissue.  However,  efforts  to  insert 
EBV  or  EBV  DNA  into  epithelial  cells  have  until  recently  been  unsuccessful. 
Transfection  has  now  been  reported  using  total  DNA  extracted  from  EBV  genome- 
positive  cells  rather  than  EBV  DNA  purified  from  virions  and  by  maintaining 
the  cells  before  transfection  for  24  hr  at  a  lower  than  the  usual  temperature. 
Further  development  of  this  system  will  be  very  important  for  studying  express- 
ion of  EBV  and  control  of  expression  in  epithelial  cells  of  the  nasopharynx. 

HSV  Research  Studies  were  conducted  to  determine  the  sites  of  HSV  integration 
in  the  host  cell  genome  in  order  to  provide  a  basis  for  understanding  the 
relationship  of  HSV  to  transformation  of  human  epithelial  cells.  Human-mouse 
somatic  cell  hybrids  derived  from  TK-negative  mouse  cells  and  HSV-1  bio- 
chemically transformed  human  cells  contained  a  translocation  of  the  short  arm 
of  chromosome  3  to  the  long  arm  of  chromosome  17  and  expressed  HSV-1  TK.  On 
the  other  hand,  studies  of  hybrids  from  HSV-2  transformed  human  cells  showed 
that  the  TK  gene  was  in  two  chromosomes,  one  a  modified  chromosome  17  contain- 
ing a  translocation  on  the  short  arm  derived  from  chromosome  21,  and  a  second, 
on  the  short  arm  of  chromosome  5.  The  problem  of  the  breakage  and  rearrange- 
ment of  human  chromosomes  containing  integrated  HSV-1  and  HSV-2  TK  genes 
require  continued  efforts  to  identify  further  chromosome  markers. 

Studies  on  the  morphological  transformation  of  mouse  and  hamster  cells  by 
HSV-1  and  HSV-2  have  provided  information  on  the  molecular  mechanisms 
involved.  Specific  restriction  endonuclease  fragments,  representing  five  to 
ten  per  cent  of  the  HSV-1  or  HSV-2  genomes,  were  consistently  shown  to  ini- 
tiate focus  formation  in  contact-inhibited  cells.  In  some  cases,  the 
fragments  of  viral  genetic  information  were  integrated  in  the  host  cells  in  a 
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stable  fashion.  Interestingly,  two  viral  mapping  regions  were  capable  of 
initiating  focus  formation,  in  both  mouse  and  hamster  cells.  The  HSV-1  region 
responsible  for  morphologic  transformation  maps  between  0.311  and  0.415  of  the 
genome,  whereas  the  similar  function  for  HSV-2  maps  at  0.582-0.682.  These 
sequences  show  no  cross  homology  and  the  HSV-2  sequence  is  retained  as  several 
copies  in  the  transformed  cells  whereas  the  HSV-1  sequence  is  not  retained. 

Papovavirus  Research   Studies  on  alimentary  tract  carcinomas  in  cattle  in  the 
highland  areas  of  Britain  have  shown  that  the  papilloma  virus  associated  with 
the  disease  differs  from  other  bovine  wart  viruses  with  respect  to  size  of 
genome,  physical  maps  developed  from  restriction  endonuclease  studies,  and 
hybridization  studies.  The  transforming  role  played  by  the  bracken  fern  in 
the  highland  cattle  is  being  studied  to  determine  if  bracken  contains  a 
chemical  carcinogen  which  influences  DNA  control  mechanisms  or  replication  and 
whether  its  immunosuppressive  activity  may  be  a  third  factor  in  the  evolution 
of  the  alimentary  malignancy.  This  system  appears  to  be  an  excellent  model 
for  dissecting  out  the  multi-step  processes  occurring  in  the  development  of 
cancer. 

Intervention   Renal  transplant  recipients  are  at  a  significantly  higher  risk 
than  similar  individuals  in  the  general  population  of  developing  epithelial 
tumors  of  the  skin,  lip,  and  cervix,  and  solid  lymphomas.  The  most  frequent 
infections  observed  in  renal  transplant  patients  are  induced  by  CMV,  HSV  and 
EBV,  viruses  which  have  been  implicated  in  neoplastic  transformation  of  cells. 
Controlled  clinical  trials  of  low  dose  regimens  of  human  leukocyte  interferon 
treatment  in  41  renal  transplant  patients  have  shown  that  interferon  delays 
excretion  of  CMV  and  EBV  and  decreases  the  incidence  of  CMV  viremia. 
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CONTRACT  REPORTS 

DNA  VIRUS  STUDIES 

Dr.  Maurice  L.  Guss 

ARMED  FORCES  INSTITUTE  of  PATHOLOGY  (Y01-CP9-050Q) 

Title:  Application  of  Epstein-Barr  Virus  Markers  to  Diagnosis  and 
Prognosis  on  Nasopharyngeal  Carcinoma  and  Occult  Tumors  of 
the  Nasopharynx  Area  in  American  patients. 

Contractor's  Project  Director:  Dr.  Vincent  Hyams 

Contractor's  Project  Officer  (NCI):  Dr.  Robert  Goldberg 

Objectives:  The  contractor  provides  support  to  the  Mayo  Foundation, 
N01-CP9-1006,  by  supplying  clinical  information  and  materials  and  histo- 
pathology  consultation. 

Major  Findings:  The  contractor  has  enrolled  four  nasopharyngeal  carcinoma 
patients  in  the  study  and  has  participated  in  meetings  with  other  col- 
laborative groups  for:  (1)  development  of  data  forms  for  reporting  clin- 
ical, pathological,  therapy,  and  follow-up  information  on  each  patient; 
and,  (2)  standardization  of  descriptive  histopathological  terminology. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  This 
project  provides  support  for  a  contract  to  demonstrate  that  Epstein-Barr 
virus  assays  can  be  used  for  improved  diagnosis  and  management  of  American 
patients  with  head  and  neck  tumors.   It  is  anticipated  that  the  knowledge 
gained  could  be  transferred  to  cancer  centers  for  wider  application  in 
cancer  control.  The  study  will  further  permit  assessment  of  the 
specificity  of  the  viral  markers  in  the  identification  of  high  risk  pop- 
ulations and  assessment  of  other  environmental  factors  contributing  to 
the  etiology  of  nasopharyngeal  carcinoma. 

Proposed  Course:  This  project  will  continue  without  change. 

Date  Contract  Initiated:  November  28,  1978 

Current  Annual  Level:  $1,585 

BAYLOR  COLLEGE  OF  MEDICINE  (N01-CP5-3526) 
Title:  Studies  on  Viruses  Related  to  Cancer 
Contractor's  Project  Director:  Dr.  Joseph  L.  Melnick 
Project  Officer  (NCI):  Dr.  Maurice  L.  Guss 
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Objectives:  To  determine  the  relationship  of  viruses  to  selected  neo- 
plasias and  their  significance  in  the  neoplastic  process. 

Major  Findings:  The  presence  of  Herpes  simplex  virus  type  2  (HSV-2) 
specific  antigens  was  sought  in  biopsy  specimens  from  124  uterine  cervical 
cancer  patients  and  controls.  One  tissue  with  a  pathology  report  of 
severe  dysplasia  gave  nuclear  staining  by  the  indirect  immunoperoxidase  test 
with  3  primary  antisera.  This  was  identical  to  the  nuclear  staining 
observed  when  HSV-2  infected  Vero  cells  were  reacted  with  the  same  anti- 
sera.  However,  there  was  only  one  small  area  in  the  tissue  which  con- 
tained these  cells  with  a  nuclear  pattern  of  staining.  The  remainder  of 
the  positive  reactions  were  paranuclear  and  cytoplasmic.  The  same  results 
were  obtained  when  the  tissues  were  stained  using  the  indirect  immuno- 
fluorescence staining  technique.  The  tissues  were  divided  into  two  groups 
(group  1,  those  with  diagnoses  of  normal,  chronic  inflammation,  meta- 
plasia, mild  dysplasia,  and  moderate  dysplasia;  and  group  II,  those  with 
severe  dysplasia,  carcinoma  iji  situ  and  invasive  carcinoma),  and  the 
following  observations  made:  the  incidence  of  positives  in  group  I  is  4 
of  103,  or  4%,  and  in  group  II  is  8  of  21,  or  38%.  The  CC-22  cells  (a 
cell  line  derived  from  a  cervical  cancer  tissue)  have  been  studied  in 
greater  detail.  Chromosome  analysis  indicates  that  the  cells  are  of  human 
origin.  Coverslips  of  CC-22  cells  were  stained  with  the  above  antisera. 
A  positive  paranuclear  and  cytoplasmic  staining  pattern  was  observed  using 
the  anti-ICSP  11,  12  serum.  A  positive  but  much  weaker  reaction  was  seen 
using  anti-ISCP  34,35.  Using  an  IgG-specific  assay,  two  groups  of  human  sera 
were  tested:  one,  group  in  which  the  prevalence  of  antibody  to  HSV-2  in  a 
previous  study  was  high  (cancer  cases  and  controls  from  a  low  socioeconomic 
population  in  Houston,  Texas);  and  the  other,  a  group  in  which  the  pre- 
valence had  previously  been  found  to  be  low  (the  Colombian  study).  All 
serum  pairs  had  been  tested  by  microneutralization  and  were  derived  from 
previous  group  matches.  Correlation  of  case-control  pairs  in  the  Houston 
group  was  tested  and  analyzed.  Using  the  P/N  value  as  an  estimate  of  anti- 
body levels,  significant  difference2between  cases  (89%)  and  controls  (61%) 
were  found  at  a  P/N  value  of  3.5  (X  =  4.33),  indicating  the  differences  in 
antibody  titers  may  be  found.  These  results  agree  with  those  originally 
found  by  microneutralization.  In  the  Colombian  study,  microneutralization 
found  fewer  HSV-2  positive  sera  both  cases  and  controls.  By  micro-SPIRA, 
the  HSV-2  prevalence  rate  was  dramatically  increased  to  an  overall  group 
level  of  80%.  At  the  same  time,  the  percentage  of  positive  sera  in  the  case 
group  was  18%  higher  than  in  the  control  group,  reversing  the  previous  finding. 
Significant  diffesences  between  cases  and  controls  were  found  at  P/N  values 
of  2.6  and  3.1  (X  =  4.58  and  5.31,  respectively).  These  findings  indicate 
the  importance  of  continued  study  of  these  sera  by  adsorption  of  low-level 
sera  (in  this  case  9  of  56  sera)  and  titration  of  antibodies. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Serological  and  sero-epidemiological  data  obtained  by  controlled  studies 
on  patients  with  squamous  cell  carcinomas  suggest  that  genital  and  oral, 
strains  of  HSV  may  be  factors  in  the  genesis  of  these  malignancies. 
Intensive  study  of  the  biochemical,  genetic,  and  immunological  aspects  of 
the  herpesviruses  associated  with  these  neoplasms  provides  information 
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contributing  to  a  determination  of  the  role  of  these  herpesviruses  in  the 
development  of  squamous  cell  carcinomas  in  humans. 

Proposed  Course:  This  contract  terminated  on  January  31,  1980. 

Date  Contract  Initiated:  June  27,  1963 

Current  Annual  Level:  $247,720 

BAYLOR  COLLEGE  OF  MEDICINE  (N01-CP7-1058) 

Title:  Integration  of  Herpes  Simplex  Virus  Thymidine  Kinase  Gene  in 
Human  Cell  Genome  In   Vitro. 

Contractor's  Project  Director:  Dr.  Saul  Kit 

Project  Officer  (NCI):  Dr.  George  Vande  Woude 

Objectives:  To  determine  whether  herpes  simplex  virus  (HSV)-specific 
thymidine  kinase  (TK)  is  integrated  on  a  specific  chromosome  and 
chromosome  site  or  is  episomal. 

Major  Findings:  To  investigate  the  association  of  the  HSV-1  TK  gene  with 
human  chromosomes,  isozyme  and  chromosome  analyses  have  been  carried  out 
on  human-mouse  somatic  cell  hybrid  clones  (LH81)  obtained  by  fusing  TK-nega- 
tive  mouse  LM(TK)  cells  with  human  cells  (HeLA(BU25)/K0S  8-1)  which  had 
been  biochemically  transformed  by  UV- irradiated  HSV-1. 

Studies  on  29  isozymes  representing  22  gene-enzyme  systems  revealed  that 
aminoacylase-1  (ACY-1),  a  marker  for  chromosome  3,  and  esterase  D  (ESD),  a 
marker  for  chromosome  13,  were  the  only  human  isozymes  present  in  all  of 
the  LH81  clones  tested.  These  findings  indicate  that  the  clones  contained 
segments  of  human  chromosomes  3  and  13.  Analyses  were  also  done  on  meta- 
phase  chromosomes  stained  with  Hoechst  33258,  trypsin-Giemsa,  the  G-11 
stain,  and  combinations  of  these.  The  chromosome  studies  indicated  that 
the  LH81  clones  did  not  contain  an  intact  chromosome  13,  but  did  not  exclude 
the  possibility  that  the  fragment  containing  the  ESD  gene  was  translocated 
to  another  chromosome  in  these  cells.   In  contrast,  83  out  of  92  metaphases 
examined  contained  a  marker  chromosome,  designated  M7,  which  consists  of 
the  short  arm  of  chromosome  3  translocated  to  the  long  arm  of  17,  or  a 
modified  M7,  designated  M7/m.   In  LH81-12  clone  17,  the  modified  M7/m  was 
the  only  human  chromosome  found  in  the  cells.  Counterselection  with 
BrdUrd  resulted  in  loss  of  M7  or  M7/m,  human  ACY-1,  and  the  expression  of 
the  HSV-1  TK  gene.  The  findings  indicate  that  the  HSV-1  TK  gene  is  integrat- 
ed either  in  3p  or  17q.  Integration  in  the  chromosome  13  fragment  which 
codes  for  ESD  appears  much  less  likely.  The  HSV-1  TK  gene  was  apparently 
integrated  in  a  different  chromosome  than  the  one  which  is  the  site  of 
integration  of  the  HSV-2  TK  gene.  Human  chromosomes  containing  integrated 
HSV-1  and  HSV-2  TK  genes  may  undergo  breakage  and  rearrangements  during 
the  isolation  of  somatic  cell  hybrids. 
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In  the  course  of  this  work,  a  histochemical  staining  procedure  for  ACY-1 
was  developed.  A  serendipitous  result  of  the  work  was  the  regional  assign- 
ment of  the  structural  gene  for  ACY-1  to  the  pter  ^  pl2  region  of  human 
chromosome  3. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Examination  of  the  interactions  between  genomes  of  eukaryotic  cells  and 
oncogenic  viruses  may  identify  the  mechanisms  of  cell  regulation 
which  are  deranged  by  the  virus  and  result  in  transformation  to  malignancy 
or  which  control  expression  of  viral-genetic  information. 

Proposed  Course:  This  project  will  terminate  on  September  14,  1980. 

Date  Contract  Initiated:  September  15,  1977 

Current  Annual  Level:  $91,940 

CALIFORNIA,  UNIVERSITY  OF,  LOS  ANGELES  (NOl-CPO-1022,  successor  to 
N01-CP4-3211 

Title:  Studies  of  Interrelationship  of  Viruses,  Genetics  and  Immunity 
in  the  Etiology  of  Human  Cancer. 

Contractor's  Project  Director:  Dr.  Mitsuo  Takasugi 

Project  Officer  (NCI):  Dr.  Paul  H.  Levine 

Objectives:  (1)  To  detect  cellular  and  humoral  immunity  in  cancer 
patients  and  to  determine  the  specificity  of  these  reactions;  (2)  to 
understand  the  cellular  components  of  the  immune  response  to  cancer  and 
its  interaction  with  antibodies  in  terms  of  resistance  to  susceptibility 
to  cancer;  and  (3)  to  study  the  immune  response  of  cancer  patients  and 
normals  to  different  viruses  and  virus-induced  antigens. 

Major  Findings:  The  contractor  has  found  that  human  peripheral  blood 
leukocytes  can  mediate  both  natural  cell-mediated  cytotoxicity  (NCMC)  and 
antibody-dependent  cellular  cytotoxicity  (ADCC)  on  cultured  target  cells. 
By  selecting  appropriate  target  cells,  using  cold  target  inhibition  assays 
and  examining  the  effect  of  prior  treatment  of  effector  cells  with 
trypsin  and  protein  A,  several  conclusions  have  been  reached  about  these 
two  effector  systems.  NCMC  is  mediated  by  cells  already  armed  with  "natural" 
antibodies  to  a  variety  of  antigens  found  on  target  cell  surfaces 
including  antigens  associated  with  EBV  and  HSV.  The  antibodies  can  be 
removed  by  trypsinization,  and  the  cells  can  be  rearmed  with  antibodies 
from  normal  serum.  ADCC  is  mediated  by  cells  armed  by  serum  addition. 
During  the  last  year,  studies  on  divalent  cations  requirements  and  adherence 
properties  of  effector  cells  have  led  to  the  tentative  conclusion  that 
one  cell  type  mediates  only  ADCC  and  another  cell  type  can  mediate  both 
ADCC  and  NCMC. 

In  order  to  use  the  ADCC  test  to  measure  antibody  to  virus  associated 
antigen  on  virus- infected  target  cells,  a  system  of  testing  and  analysis 
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has  been  developed  to  eliminate  from  the  final  test  value  selective  and 
nonselective  cytotoxicity  due  to  NCMC  and  nonselective  ADCC,  achieved  by 
arming  effector  cells  with  .antibodies  to  nonviral  associated  antigens  in 
the  test  serum,  i.e.,  to  calculate  only  selective  ADCC.  This  has  been 
accomplished  by  using  a  three-dimensional  testing  array  varying  effector 
cells,  sera  and  target  cells.  Results  could  be  analyzed  in  each  of  three 
two-way  interactions  or  in  a  three-way  interaction  analysis.  These  analyses 
are  based  on  a  previously  published  two-way  interaction  analysis  of  variance 
in  which  nonselective  cytotoxicity  is  subtracted  from  total  cytotoxicity 
to  yield  selective  cytotoxicity.  This  approach  was  applied  to  both  HSV 
and  EBV  transformed  cells  and  sera  with  known  reactivity  to  HSV  and  EBV. 
Selective  ADCC  could  be  detected  with  the  appropriately  infected  target 
cells  and  positive  antisera  in  both  cases  after  interaction  analysis. 
Activities  for  selective  ADCC  as  measured  by  the  contractor  showed  good 
concordance  with  activities  measured  by  the  other  investigators  at  the 
Mayo  Clinic  and  Litton  Bionetics. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Studies  in  progress  may  help  to  determine  whether  certain  groups  of  people 
have  specific  responses  to  EBV  or  other  suspected  tumor  viruses.  The 
studies  are  likely  to  provide  useful  techniques  for  studying  antigenic 
expression  and  modulation  following  virus  infection  or  transformation,  and 
in  the  diagnosis,  prognosis  and  treatment  of  various  forms  of  cancer. 

Proposed  Course:  This  project  will  continue  without  change. 

Date  Contract  Initiated:  July  12,  1971 

Current  Annual  Level:  $205,080 

CALIFORNIA,  UNIVERSITY  OF,  LOS  ANGELES  (NOl-CPO-1024,  successor  to 
N01-CP4-321TT  

Title:  Studies  of  HLA  Genetic  Markers  of  Immune  Response  to  Cancer 
Viruses. 

Contractor's  Project  Director:  Dr.  Paul  I.  Terasaki 

Project  Officer  (NCI):  Dr.  Paul  H.  Levine 

Objectives:  To  examine  the  relationship  of  genetic  markers  (HLA  and  others) 
for  linkage  to  the  incidence  of  cancer  in  families,  and  to  characterize  B 
lymphocyte  alloantigens  and  to  determine  their  expression  in  cell  hybrids 
and  changes  in  cells  following  virus  infection  or  transformation. 

Major  Findings:  Three  separate  large  studies  carried  out  between  1971  and 
1977  determined  that  HLA-A  and  B  loci  antigens  are  not  associated  with  any 
cancer  at  the  population  level,  although  there  may  be  associations  within 
a  given  "cancer  family."  In  most  of  the  diseases  studied  thus  far,  a 
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higher  association  with  HLA-DR  antigens  has  been  found  than  with  HLA-A,-B, 
-C  antigens.  It  has  only  recently  become  possible  to  type  HLA-DR  antigens 
with  some  confidence,  so  little  work  has  been  done  to  evaluate  association 
of  these  antigens  with  cancer.  The  contractor's  study  with  melanoma 
patients  has  indicated  no  difference  in  the  incidence  of  any  DR  allo- 
specificities.  The  B  cell  antigen  B2  has  been  shown  to  be  lacking  in 
leukemic  cells.  Depressed  immune  response  was  detected  in  cancer  patients. 
Production  of  antisera  to  leukemia  associated  antigens  has  been  reported 
but  the  specificity  of  these  reagents  is  questionable  since  reactivity 
with  HLA-DR  antigens  has  not  been  excluded. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
identification  of  disease  susceptibility  genes  is  of  great  importance  to 
studies  on  the  etiology  of  cancer.  In  family  studies,  linking  genetic 
type  and  immunologic  response  to  tumor-  and  virus-associated  antigens  may 
help  to  determine  which  humans  are  more  likely  to  develop  specific  tumors 
as  well  as  which  abnormal  immune  responses  to  certain  viral  antigens  are 
closely  linked  to  tumors. 

Proposed  Course:  Studies  on  familial  cancer  will  continue  and,  in 
addition  to  HLA  typing  of  family  members,  lymphocyte-defined  antigens  will 
be  measured.  An  attempt  will  be  made  to  obtain  immunologic  profiles  on 
normal  individuals  in  cancer  families. 

Date  Contract  Initiated:  July  12,  1971 

Current  Annual  Level:  $76,170 

CENTRE  NATIONAL  de  la  RECHERCHE  SCIENTIFIQUE  (N01-CP9-1035) 

Title:  Comparison  and  Evaluation  of  IgA  Antibody  Levels  to  Epstein-Barr 
Virus-VCA  in  Nasopharyngeal  Carcinoma  Patients  from  High,  Inter- 
mediate, and  Low  Risk  Populations. 

Contractor's  Project  Director:  Dr.  Guy  de  The 

Project  Officer  (NCI):  Dr.  Maurice  L.  Guss 

Objectives:  The  objective  is  the  determination  of  the  usefulness  of  IgA 
antibody  to  Epstein-Barr  virus  (EBV)  in  the  diagnosis  and  prognosis  of 
nasopharyngeal  carcinoma  (NPC)  in  low,  intermediate,  and  high  risk  popu- 
lations. The  study  of  three  regions  of  differing  disease  frequency  will 
provide  information  on  the  relationship  of  environmental  factors  to 
disease  and  on  the  significance  of  low  VCA  titers  in  healthy  family 
members. 

Major  Findings:  This  contract  has  been  underway  for  an  insufficient 
period  of  time  for  a  significant  report  of  scientific  progress. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  This 
project  offers  the  opportunity  to  demonstrate  that  EBV  assays  can  be  used 
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for  improved  diagnosis  and  management  of  patients  with  head  and  neck 
tumors.  It  is  anticipated  that  the  knowledge  gained  could  be  transferred 
to  cancer  centers  for  wider  application  in  cancer  control.  The  study  will 
further  permit  assessment  of  the  specificity  of  the  viral  markers  in  the 
identification  of  high  risk  populations  and  other  environmental  factors 
contributing  to  the  etiology  of  NPC. 

Proposed  Course:  This  project  will  continue  without  change. 

Date  Contract  Initiated:  August  15,  1979 

Current  Annual  Level:  $183,720 

CHILDREN'S  HOSPITAL  OF  PHILADELPHIA  (N01-CP3-3272) 

Title:  The  Propagation  and  Sero-epidemiology  of  Epstein-Barr  Virus. 

Contractor's  Project  Director:  Dr.  Gertrude  Henle 

Project  Officer  (NCI):  Dr.  Berge  Hampar 

Objectives:  To  investigate  the  relationship  between  Epstein-Barr  virus 
(EBV)  and  human  cancer.  Studies  on  this  contract  include  (1)  improvement 
of  existing,  and  development  of  new,  techniques  for  the  detection  of 
EBV-related  antigens  and  titration  of  corresponding  antibodies;  (2) 
search  for  methods  to  measure  cell-mediated  immune  reactions  in  EBV-asso- 
ciated  diseases,  and,  if  successful,  their  application  to  detection  of 
blocking  (tumor  enhancing)  factors;  (3)  determination  of  frequencies  and 
titers  of  antibodies  to  various  EBV-determined  antigens  in  EBV-associated 
diseases  providing  prognostic  information  and  support  for  a  causal 
relation  of  EBV  to  given  human  malignancies. 

Major  Findings:  Collaborative  studies  on  Burkitt's  lymphoma  (BL),  naso- 
pharyngeal carcinoma  (NPC),  infectious  mononucleosis  (IM),  and  flare-up  of 
persistent  EBV  infections  under  immunosuppressive  conditions  have  continued 
during  the  past  year.  Numerous  sera  were  received  and  tested  for  their 
spectra  and  titers  of  antibodies  to  EBV-specific  antigens. 

As  to  BL,  a  study  (with  Drs.  Nkrumah  and  Biggar)  of  very  late  relapses  (VLR) 
has  been  completed.  Of  the  12  VLR  patients,  11  maintained  high  anti-R  and  one, 
high  anti-D  titers  during  remissions  as  long  as  79  months.  High,  persistent 
anti-EA  titers  thus  denote  the  probability  of  relapses  even  after  years 
of  remission. 

As  to  NPC,  a  study  of  Alaskan  native  patients  (with  Dr.  Lanier)  yielded 
results  comparable  to  those  obtained  in  Hong  Kong  and  East  Africa  as  to 
the  EBV-specific  serology  and  detection  of  EBV  DNA  and  EBNA  positive 
carcinoma  cells  in  biopsies.  Sera  collected  from  7  Eskimos,  1.5-10  years 
before  detection  of  NPC,  were  found  to  have  antibodies  to  EBV;  6  with 
normal  patterns  but  the  7th  patient  had  a  pattern  characteristic  of  NPC  17 
months  before  diagnosis.  Results  of  comparative  tests  in  the  Mayo  Clinic 
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(Dr.  Pearson)  and  this  laboratory  on  sera  from  patients  and  controls 
studied  under  the  Mayo  Clinic  program  showed  close  agreement.  This  and 
other  studies  of  Caucasian  .NPC  in  the  U.S.  and  Europe  have  shown  that 
anaplastic  or  poorly  differentiated  NPC  is  uniformly  associated  with  EBV 
indicating  a  more  than  casual  role  of  the  virus  in  the  development  of  this 
tumor. 

As  to  IM,  studies  (with  Drs.  Svedmyr,  Jondal ,  Klein)  on  the  transient 
emergence  of  EBV-specific  killer  T  cells  during  the  acute  phase  have  been 
continuing.  As  in  Ghanaian  infants,  primary  EBV  infections  in  American 
children  under  2  years  of  age  remain  generally  silent  but  above  2  years 
cases  of  IM  can  be  identified.  Their  antibody  patterns  conform  to  those 
seen  in  older  IM  patients.  While  the  incidence  of  heterophil  antibodies 
is  similar,  the  GMT  is  substantially  lower  in  the  youngest  age  group  than 
in  young  adult  patients. 

As  to  flare-ups  of  the  viral  carrier  state,  studies  have  been  completed  or 
continued  on  Hodgkin's  disease  (HD)  and  other  lymphomas  (with  Drs.  Johansson, 
Holm,  Klein),  juvenile  HD  (with  Dr.  Lange),  ataxia-telangiectasia  (with 
Drs.  Berkel ,  Levis),  renal  transplants  (with  Drs.  Chesseman,  Hirsch),  bone 
marrow  recipients  (with  Drs.  Lange  and  others),  and  rheumatoid  arthritis 
(with  Dr.  Alspaugh).  Evidence  is  accumulating  that  T  lymphocyte 
deficiencies  or  dysfunctions  lead  to  elevated  anti-VCA  titers  and  in- 
creased incidence  of  anti-EA  but,  in  some  conditions,  to  declines  in 
anti-EBNA.  The  EBV-specific  serology  may  thus  provide  another  parameter 
for  study  of  immunologic  incompetence. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
primary  purpose  of  these  studies  is  to  aid  in  the  determination  of  the 
etiologic  relationships  of  EBV  to  certain  human  malignancies.  Fingerprints 
of  EBV  have  been  found  in  nearly  all  BL  and  NPC  biopsies.  EBV-related 
serology  may  serve  to  detect  advancing  disease,  to  provide  prognostic 
information,  and  to  monitor  the  effectiveness  of  therapy. 

Proposed  Course:  Continue  improvement  of  existing  assays  (particularly 
EBNA)  and  the  development  of  new  assays  for  the  measurements  of  humoral 
and  cell-mediated  immunity  to  EBV-associated  antigens.  Conduct  continued 
longitudinal  studies  on  African  BL  patients  to  provide  further  evidence 
for  the  prognostic  significance  of  EBV-related  antibody  patterns  and  to 
determine,  especially,  the  relationship  of  anti-EBNA  titers  to  clinical 
events.  Determine  the  relationship  of  EBV  titers  and  T-cell  function  in 
studies  on  renal  transplantations  and  IM. 

Date  Contract  Initiated:  March  1,  1973.  This  is  a  continuation  of  the 
Contract  PH  43-56-477  initiated  February  2,  1956. 

Current  Annual  Level:  $207,400 

GLASGOW,  UNIVERSITY  OF  (N01-CP8-1022 

Title:  Environmental  Carcinogens  and  Papilloma  Viruses  in  Cattle  Cancer. 
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Contractor's  Project  Director:  Professor  W.  F.  H.  Jarrett 

Project  Officer  (NCI):  Dr.-  Stuart  A.  Aaronson 

Objectives:  Three  types  of  bovine  papilloma  viruses  will  be 
characterized.  Papilloma  virus  genomes  will  be  sought  in  alimentary 
squamous  cell  carcinomas,  adenomas,  and  adenocarcinomas  in  the  intestines 
of  cattle  from  bracken  fern- infested  farms.  Studies  will  be  conducted  to 
gain  insight  into  the  nature  of  the  mechanism  of  interplay  of  bracken  fern 
components  and  papilloma  viruses. 

Major  Findings:  The  contractor  has  isolated  5  bovine  papillomaviruses 
from  British  cattle  and  4  have  been  characterized  by  restriction  mapping 
and  DNA  hybridization.  Three  of  these  are  cutaneous  viruses,  one  of  which 
affects  the  skin  generally;  the  other  two  are  paragenital  and  occur  on  the 
udder,  teats,  and  penis.  Two  affect  the  alimentary  tract,  one  of  which  is 
associated  with  the^naturally  occurring  carcinoma  syndrome.  The  former 
have  a  MW  of  5  X  10  daltons  and  share  a  number  of  restriction  sites  and 
antigenic  determinants  and  havegabout  50%  sequence  homology  to  each  other; 
the  latter  has  a  MW  of  4.5  x  10  ,  has  no  shared  restriction  sites  and 
shows  no  sequence  homology  under  stringent  conditions  of  hybridization. 
Fibroblasts  transformed  by  the  former  group  contain  DNA  sequences  homologous 
to  the  cutaneous  viruses  but  not  to  alimentary.  Naturally  occurring 
tumors  have  sequences  homologous  to  alimentary  virus  but  not  to  the 
others.  Evidence  of  a  possible  abortive  virus  cycle  in  the  former  group 
has  been  found  by  in  situ  hybridization  using  a  cRNA  probe.  One  hundred 
percent  transmission  has  been  accomplished  using  purified,  restriction 
typed,  alimentary  virus  in  the  alimentary  tract  of  calves  reared  in  isola- 
tion; this  virus  has  failed  to  induce  skin  tumors. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Epidemiological  data  indicate  a  possible  association  between  wart  viruses 
and  the  subsequent  development  of  certain  neoplastic  tumors.  This  unique 
animal  model  system  lends  itself  to  observations  on  the  natural 
interaction  of  virus  and  carcinogen  resulting  in  malignant  disease.  This 
effort  may  provide  leads  to  analogous  human  diseases  such  as  familial 
polyposis  and  papillomatosis  of  the  human  bladder. 

Proposed  Course:  This  project  will  continue  without  change. 

Date  Contract  Initiated:  September  11,  1978 

Current  Annual  Level:  $55,788 

GOTHENBURG,  UNIVERSITY  of  (N01-CP8-1020) 

Title:  Studies  on  the  Biomolecular  Relationship  of  Herpesviruses 
(Epstein-Barr  Virus)  and  Cancer. 

Contractor's  Project  Director:  Dr.  Tomas  Lindahl 

Project  Officer  (NCI):  Dr.  George  Vande  Woude 
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Objectives:  To  characterize  the  Epstein-Barr  virus  (EBV)  genome  and 
compare  the  latent  EBV  genomes  present  in  a  series  of  human  cell  lines 
derived  from  patients  with. various  diseases  associated  with  EBV;  and  to 
determine  whether  specific  EBV  strains  are  correlated  with  certain  malignant 
diseases. 

Major  Findings:  Most  of  the  DNA  sequences  of  the  EBV  genome  have  been 
cloned  in  the  form  of  several  BamHI  or  EcoRI  restriction  enzyme  fragments 
in  the  E.  coli  plasmid  pBR322.  Two  regions  of  the  viral  genome  of  especial 
interest  have  been  cloned,  and  DNA  from  these  regions  is  now  available  in 
relatively  large  amounts  in  pure  form.  One  region  represents  an  internal 
sequence  of  MW  2x10^  which  is  repeated  about  11  times  (the  BamHI  S  fragment). 
The  other  region,  the  EcoRI  J  fragment,  appears  to  code  for  a  major  early 
transcript  which  is  expressed  in  transformed  cells.  -^^P-labeled  probes  of 
these  and  additional  EBV  DNA  sequences  are  made  by  nick  translation  with 
E.  coli  DNA  polymerase  I. 

The  restriction  enzyme  cleavage  patterns  of  several  EBV  isolates  are 
analyzed  by  the  Southern  blotting  technique.  Circular,  intracellular  EBV 
DNA  from  the  lines  Raji,  NC-37,  and  F-265  show  identical  cleavage  patterns 
with  the  BamHI,  Hindlll,  and  EcoRI  enzymes,  strongly  indicating  that  the 
latter  two  lines  are  not  really  derived  from  normal  individuals  but  are 
sublines  of  Raji.  The  Burkitt  lymphoma-derived  line  Namalwa,  which 
contains  unusually  little  EBV  DNA  (and  has  been  reported  in  the  literature 
to  contain  only  50%  of  the  EBV  DNA  sequences)  has  all  EcoRI  fragments 
(A- J)  of  EBV  DNA  and  therefore  contains  complete,  or  nearly  complete, 
viral  genomes. 

Characterization  of  intracellular,  fast-sedimenting  minor  forms  of  EBV  DNA 
has  been  concluded.  This  material  mainly  consists  of  interlocked  circles 
of  viral  DNA. 

The  major  early  transcripts  of  EBV  DNA  have  been  characterized  by  hybrid- 
ization of  125I-RNA  to  Southern  blots  of  restriction  endonuclease-cleaved 
EBV  DNA.  Larger  amounts  of  early  transcripts  are  presently  prepared  with 
the  aid  of  cloned  viral  DNA. 


Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Recent  advances  in  biochemical  techniques  for  segregating  and  character- 
izing small  DNA  fragments  released  by  endonucleases  provide  the 
opportunity  to  assay  tumor  tissues  for  the  presence  of  a  small  fraction 
of  herpesvirus  genome  in  the  host  cell  genome.  A  major  objective  is  the 
determination  of  etiology  of  diseases  which  so  far  have  been  shown  to  be 
associated  with  specific  DNA  viruses  by  serological  and  epidemiological 
techniques.  The  new  capability  to  extend  present  knowledge  to  include 
biochemical  genetic  information  about  the  relationship  of  specific  DNA 
viruses  to  specific  cancers  has  a  high  probability  of  contributing  to 
knowledge  of  cancer  etiology. 

Proposed  Course:  This  project  will  terminate  on  October  31,  1980. 
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Date  Contract  Initiated:  October  31,  1977 

Current  Annual  Level:  $106,880 

HARVARD  UNIVERSITY  (N01-CP8-1005) 

Title:  Biomolecular  Relationship  of  Herpesviruses  (Herpesvirus  saimiri) 
and  Cancer. 

Contractor's  Project  Director:  Dr.  Carel  Mulder 

Project  Officer  (NCI):  Dr.  George  Vande  Woude 

Objectives:  The  viral  genome  structures  of  four  different  strains  of 
Herpesvirus  saimiri  (HVS)  of  varying  oncogenic  potential  will  be  analyzed 
and  compared  using  restriction  endonucleases.  HVS  DMA  and  specific  DNA 
fragments  will  be  tested  i_n   vitro  for  transforming  potential  in  isolated 
lymphatic  primate  cells  and  i_n  vivo  for  their  potential  to  induce  tumors. 

Major  Findings:  Physical  maps  of  viral  DNA  were  constructed  from  four 
strains  of  HVS  (#11,  SMHI,  S295C  and  OMI  or  HOT)  and  two  attenuated, 
strains  (A-HVS  and  SMHI-VERO).  An  important  result  of  this  work  is  the 
finding  that  genome  information  is  deleted  in  both  attenuated  strains 
from  the  extreme  left-hand  portion  of  the  unique  L-DNA.  Both  attenuated 
strains  grow  normally  on  OMK  cells  but  both  have  completely  lost  their 
oncogenic  potential.  It  is,  therefore,  possible  that  this  left-most 
4%  of  the  viral  L-DNA  is  involved  in  oncogenesis. 

Mapping  of  the  episomal  viral  DNA  in  tumor  cell  lines  1670  and  70N2  has 
yielded  two  new  pieces  of  information: 

(1)  both  cell  lines  appear  to  lack  an  identical  or  nearly  identical 
sequence  of  18%  of  L-DNA;  and 

(2)  the  viral  DNA  in  these  two  nonproducing  cell  lines  is  heavily 
methylated  wheras  viral  DNA  in  virus  yielding  cell  lines  is 
not  methylated. 

Significance  to  Biomedical  Reseach  and  to  the  Program  of  the  Institute: 
Recent  advances  in  biochemical  techniques  for  segregating  and  character- 
izing small  DNA  fragments  released  by  endonucleases  provide  the 
opportunity  to  assay  tumor  tissues  for  the  presence  of  a  small  fraction  of 
herpesvirus  genome  in  the  host  cell  genome.  A  major  objective  is  the 
determination  of  etiology  of  diseases  which,  so  far,  have  been  shown  to  be 
associated  with  specific  DNA  viruses  by  serological  and  epidemiological 
techniques.  The  new  capability  to  extend  present  knowledge  to  include 
biochemical  genetic  information  about  the  relationship  of  specific  DNA 
viruses  to  specific  cancers  has  a  high  probability  of  contributing  to 
cancer  etiology. 

Proposed  Course:  This  project  will  terminate  on  June  30,  1980. 

Date  Contract  Initiated:  January  1,  1978 

1278 


Current  Annual  Level:  $199,470 

HEALTH  RESEARCH,  INC.  (N01tCP7-1062) 

Title:  Biochemical  Mapping  of  the  Integration  Site  of  SV40. 

Contractor's  Project  Director:  Dr.  Mary  Gutai 

Project  Officer  (NCI):  Dr. Maurice  L.  Guss 

Objectives:  Determine  the  nucleotide  sequences  at  the  SV40  DNA  and  cell 
DNA  junction  for  cloned  evolutionary  variants  of  SV40  and  study  the  recom- 
bination between  SV40  and  host  cell  DNA. 

Major  Findings:  Recombination  between  viral  and  cellular  DNA  is  a 
critical  event  in  cell  transformation  by  viruses,  resulting  in  the  stable 
inheritance  of  viral  genes.  Recombination  between  SV40  and  cellular  DNA 
also  occurs  during  serial  passage  of  the  virus  in  permissive  cells,  resulting 
in  the  formation  of  variant  viral  genomes  substituted  with  cellular  DNA. 
Many  recombination  events  also  occur  between  and  within  SV40  molecules 
during  serial  passage  giving  rise  to  variant  genomes  containing  deletions 
and  duplications  of  the  viral  DNA. 

In  addition  to  studying  viral-host  recombination  in  late  passage  variants 
of  SV40,  viral -viral  recombination  was  investigated  in  early  passage 
variants  of  SV40  in  order  to  gain  further  insight  into  the  mechanisms  of 
recombination  in  SV40- infected  animal  cells.  A  range  of  factors,  sometimes 
present,  are  involved  in  recombination  in  SV40-infected  cells;  namely, 
(1)  short  stretches  of  patchy  homology  between  recombining  molecules,  (2) 
A/T  rich  sequences  flanking  the  recombinant  joint,  (3)  blunt-end  joining 
in  the  absence  of  core  sequence  homology,  and  (4)  common  core  sequences 
one  to  four  nucleotides  in  length,  as  well  as  unexplainable  observations 
such  as  the  inclusion  of  extra  nucleotides  (of  unknown  source)  at  the 
recombinant  joint.  Clearly,  extensive  sequence  homology  between  parental 
molecules  is  not  required  for  recombination  to  occur. 

It  was  concluded  from  these  studies  that  the  same  factors  play  a  role  in 
recombination  between  two  viral  DNA  molecules  as  between  viral  and  cellular 
DNA  molecules. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Examination  of  the  interactions  between  genomes  of  eukaryotic  cells  and 
oncogenic  viruses  may  identify  the  basic  reactions  of  cell  regulation 
which  are  deranged  by  the  virus  and  result  in  transformation  to  malignancy 
or  which  control  expression  of  viral  genetic  information. 

Proposed  Course:  This  project  will  terminate  on  September  29,  1980. 

Date  Contract  Initiated:  September  30,  1977 

Current  Annual  Level:  $80,620 
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ILLINOIS,  UNIVERSITY  OF  (N01-CP7-1061) 

Title:  Integration  Sites  of  Papovavirus  Genomes  in  Transformed  Cells. 

Contractor's  Project  Director:  Dr.  Kiranur  Subramanian 

Project  Officer  (NCI):  Dr.  Maurice  L.  Guss 

Objectives:  Construction  of  physical  maps  of  SV40  DNA  integrated  in  the 
genome  of  transformed  cells,  and  determination  of  the  nucleotide  sequences 
at  the  junction  of  cell  DNA  and  the  integrated  SV40  DNA. 

Major  Findings:  A  slow-growing  but  viable  mutant  of  SV40  called  2-7  was 
obtained  from  the  mutant  collection  of  Dr.  Thomas  Shenk  of  the  University 
of  Connecticut.  Restriction  analysis  of  2-7  revealed  the  insertion  of  a 
segment  of  DNA  at  0.650  map  unit  in  the  beginning  of  the  early  region  of 
SV40  DNA,  resulting  in  the  absence  of  the  Hind  III  site  which  is  present 
in  wild  type  DNA  in  this  location.  The  complete  nucleotide  sequence  of 
the  DNA  insert  has  been  determined  using  DNA  fragments  spanning  this 
location  in  2-7.  The  insert  consists  of  a  total  of  157  nucleotides. 
This  sequence  is  not  of  SV40  origin  as  shown  by  computer-checking  and 
manual  comparison  and  should  therefore  be  of  host  cell  origin. 

Defective  variants  of  SV40  containing  host  cell  DNA  covalently  linked  to 
viral  DNA  have  been  characterized  recently  in  two  other  laboratories. 
Mutant  2-7  differs  from  them  in  being  viable  and  in  having  an  insertion  in, 
the  early  rather  than  in  the  late  region  of  the  genome.  Another  important 
difference  is  the  fact  that  2-7  is  a  natural  recombinant  whereas  the 
defective  variants  were  produced  as  a  result  of  serial  passage  in  high 
multiplicity  of  infection.  The  sequence  of  the  insert  in  2-7  is  different 
from  that  of  the  cell  DNAs  in  the  defective  variants. 

The  DNA  of  2-7  arises  out  of  two  recombination  events  between  SV40  and 
host  cell  DNAs.   It  has  two  viral  cell  DNA  junctions.  The  nucleotide 
sequences  of  the  two  junctions  are  not  identical  indicating  that  a  specific 
sequence  is  not  recognized  during  recombination.  However,  a  closer  look 
at  the  DNA  sequence  at  and  after  the  junction  points  reveals  a  remarkable 
similarity  between  the  two  recombination  events.  The  octanucleotide 
sequence  TGCAAAAA  present  in  the  viral  DNA  part  of  the  first  junction 
point  is  exactly  repeated  15  nucleotides  away  within  the  insert;  another 
octanucleotide  sequence,  ACAGAGAG  occuring  within  the  cell  DNA  part  of  the 
second  junction  is  exactly  repeated  21  nucleotides  away  within  the  viral 
DNA  sequence  that  follows  the  insert.  The  following  conclusions  were 
drawn  from  these  results:  (1)  natural  recombination  requires  perfect 
homology  between  the  recombining  DNAs;  (2)  the  homologous  regions  need  not 
be  long;  one  octanucleotide  sequence  appears  to  be  sufficient; 
(3)  the  nucleotide  sequences  £er  se  at  the  crossover  points  are  dissimilar, 
indicating  that  recombination,  although  requiring  sequence  homology, 
does  not  recognize  a  specific  sequence. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Examination  of  the  interactions  between  genomes  of  eukaryotic  cells  and 
oncogenic  viruses  may  identify  the  basic  reactions  of  cell  regulation 
which  control  expression  of  viral-genetic  information  or  which  are  deranged 
by  the  virus  and  result  in  transformation  to  malignancy. 

Proposed  Course:  This  project  will  terminate  on  October  12,  1980. 

Date  Contract  Initiated:  September  29,  1977 

Current  Annual  Level:  $85,180 

INDIAN  HEALTH  SERVICE  (Y01-CP9-0501) 

Title:  Application  of  Epstein-Barr  Virus  Markers  to  Diagnosis  and 
Prognosis  of  Nasopharyngeal  Carcinoma  and  Occult  tumors  of 
the  Nasopharynx  Area  in  American  patients. 

Contractor's  Project  Director:  Dr.  Anne  Lanier 

Contractor's  Project  Officer  (NCI):  Dr.  Robert  Goldberg 

Objectives:  This  contractor  will  provide  support  to  the  Mayo  Foundation, 
N01-CP9-1005,  by  supplying  clinical  information  and  materials. 

Major  Findings:  The  Indian  Health  Service  has  enrolled  17  nasopharyngeal 
carcinoma  patients  in  the  collaborative  study. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  This 
project  provides  support  for  a  contract  to  demonstrate  that  Epstein-Barr 
virus  assays  can  be  used  for  improved  diagnosis  and  management  of  American 
patients  with  head  and  neck  tumors.  It  is  anticipated  that  the  knowledge 
gained  could  be  transferred  to  cancer  centers  for  wider  application  in 
cancer  control.  The  study  will  further  permit  assessment  of  the  specifi- 
city of  the  viral  markers  in  the  identification  of  high  risk  populations 
and  other  environmental  factors  contributing  to  the  etiology  of  naso- 
pharyngeal carcinoma. 

Proposed  Course:  This  project  will  continue  without  change. 

Date  Contract  Initiated:  November  30,  1978 

Current  Annual  Level:  $24,000 

INTERNATIONAL  AGENCY  FOR  RESEARCH  ON  CANCER  (N01-CP9-1009;  successor  to 
N01-CP4-3296T 

Title:  Sero-Epidemiologic  and  Laboratory  Studies  on  Nasopharyngeal 
Carcinoma  and  Burkitt's  Lymphoma. 
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Contractor's  Project  Director:  Dr.  C.  A.  Linsell 

Project  Officer  (NCI):  Dr.  Maurice  L.  Guss 

Objectives:  To  conduct  epidemiological  studies  of  virus  associated 
cancers. 

Major  Findings:  The  progress  of  the  Burkitt's  lymphoma  (BL)  studies  in 
the  West  Nile  District  was  severely  hampered  by  the  war  in  Uganda  and  all 
field  operations  on  the  project  had  to  be  suspended  in  March  1979. 

In  1978,  a  total  of  7  new  BL  cases  were  detected  in  the  West  Nile  District 
of  which  two  were  pre-bled.  It  still  appears  as  if  there  has  been  a 
spontaneous  decline  in  the  incidence  of  the  tumor  there  over  the  last  4-5 
years.  However,  in  view  of  the  large  and  erratic  fluctuations  which  BL 
incidence  has  exhibited  in  the  West  Nile  in  the  past,  some  more  years  of 
observation  will  be  needed  to  fully  assess  the  statistical  significance  of 
the  decline. 

The  BL  project  in  the  Mara  Region,  Tanzania,  continued  according  to  plan 
during  the  year.  The  number  of  new  BL  cases  was  very  low  in  1978  and 
1979  both  in  South  and  North  Mara,  and  the  decline  in  incidence  in  North 
Mara  is  now  statistically  significant  by  any  standard.  BL  incidence  seems 
to  be  waning  both  in  North  and  South  Mara  and  the  downward  trend  in  the 
North  cannot  be  a  result  of  malaria  suppression  there  which  could  not  yet 
have  had  any  impact  on  the  frequency  of  the  tumor. 

The  EBV  testing  of  the  3350  sera  of  the  West  Nile  sub-study  has  been 
completed  and  its  analysis  is  now  in  progress. 

New  techniques  of  activation  of  the  latent  EBV  genome  have  been  developed 
by  using  compounds  such  as  anti-IgM,  mitogens  or  sodium  butyrate.  Further 
analysis  of  EBV  antigens  revealed  striking  similarity  between  EBNA  and 
SV40  or  adenovirus  T  antigens.  Characterization  of  EBV  polymerase  (belong- 
ing to  the  EA  complex)  has  been  achieved. 

Further  studies  on  EBV  antibodies  of  the  IgA  class  strongly  suggest  that 
these  markers  could  be  used  for  the  screening  of  individuals  at  high  risk 
for  nasopharyngeal  carcinoma  (NPC).  However,  those  antibodies  can  also  be 
detected  in  sera  from  patients  with  other  carcinomas  (lung,  nasal  fossae) 
but  at  low  titres. 

In  immunogenetic  studies  in  Singapore,  HLA-DR  blank  (undetectable  antigens) 
were  found  to  be  higher  in  Chinese  NPC  patients  than  in  controls.  Twenty 
one  of  22  (95.5%)  Chinese  NPC  patients  had  a  single  blank  compared  to 
19/43  (44.2%)  controls  (p  .001;  RR  =26.5).  This  is  the  strongest  associa- 
tion so  far  detected  between  a  genetic  marker  and  NPC  and  also  between  a 
genetic  marker  and  any  cancer. 

In  a  pilot  study,  HLA-A9  was  associated  with  Kadazan  NPC.  Sixteen  of  18 
(88.9%)  Kadazan  NPC  patients  had  A9  compared  to  8/18  (44.4%)  age  and  sex 
matched  Kadazan  controls  (p  =  0.005,  RR  =  10.0). 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
EBV  is  a  naturally-occurring  virus  strongly  suspected  of  an 
etiologic  role  in  human  cancer.  The  research  under  this  contract  should 
help  elucidate  the  role  of  EBV  in  the  Burkitt's  lymphoma.  Studies  of  blood 
genetic  types,  together  with  the  sero-epidemiological  results,  may  provide 
the  means  for  detecting  NPC  high  risk  groups  among  a  normal  population. 

Proposed  Course:  In  Africa,  case  detection  will  continue  to  have  high 
priority  in  order  to  determine  the  relationship  of  EBV  antibodies  to 
subsequent  appearance  of  disease.  The  NPC  program  will  be  continued  to 
define  the  genetic  factors  relating  to  disease. 

Date  Contract  Initiated:  April  1,  1979 

Current  Annual  Level:  $435,000 

JOHNS  HOPKINS  UNIVERSITY  (N01-CP7-1022) 

Title:  Biomolecular  Relationship  of  Herpesviruses  and  Cancer:  Herpes 
Simplex  Virus. 

Contractor's  Project  Director:  Dr.  Gary  Hayward 

Project  Officer  (NCI):  Dr.  Berge  Hampar 

Objectives:  Identification  of  the  minimum  portion  of  herpes  simplex  virus 
type  2(HSV-2)  DNA  necessary  for  transformation  of  animal  and  human  cells; 
determination  of  the  role  of  virus-specified  products  in  maintenance  of 
the  transformed  phenotype;  determination  of  the  specific  sites  of  inte- 
gration of  the  HSV-2  DNA  in  the  host  cell  genome;  and  preparation  of  HSV-2 
"transforming  gene"  DNA  probes  for  high  sensitivity  screening  of 
transformed  cell  lines  and  tumor  tissues  for  the  presence  of  HSV-2  DNA  or 
RNA. 

Major  Findings:  The  contractor  found  that  two  different  regions  of 
HSV  DNA  are  capable  of  initiating  focus  formation  in  Balb/3T3  monolayers 
or  hamster  embryo  fibroblasts.  Morphological  transforming  region  I 
(mtr-I)  maps  between  0.311-0.415  in  the  HSV-1  (MP)  genome  and 
morphological  transforming  region  II  (mtr-II)  maps  at  0.582-0.682  in  HSV-2 
DNA.  It  is  not  yet  clear  whether  both  HSV-1  and  HSV-2  contain  two  trans- 
forming regions  or  whether  each  genome  has  a  single  quite  distinct 
mechanism.  There  is  no  detectable  cross-homology  between  the  mtr-I  and 
mtr-II  sequences.  Subcloned  mouse  cell  lines  established  from  DNA 
fragment  transfection  experiments  exhibit  typical  parameters  of 
transformed  cells  including  growth  in  low  serum  and  colony  formation  in 
methyl  cellulose  and  soft  agarose.  Blot  hybridization  experiments  with 
cell  DNA  fractionated  by  RPC-5  chromatography  indicate  that  mtr-II  trans- 
formed cells  stably  retain  several  copies  of  the  input  viral  DNA  sequences 
but  that  the  mtr-I  transformed  cell  lines  do  not.  Using  cloned  fragment 
probes  it  was  confirmed  that  some  viral  sequences  within  the  mtr-I  DNA 
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fragment  show  cross-homology  with  a  specific  band  of  cellular  DNA  present 
in  normal  cells  of  both  mouse  and  hamster  origin.  The  significance  of 
this  observation  is  not  obvious  as  yet. 

In  recent  experiments  cross-homology  with  repetitive  DNA  from  normal  human 
cells  was  detected  at  several  sites  in  the  virual  genome.  This  observation 
will  considerably  complicate  the  interpretation  of  similar  experiments 
with  tumor  cells  particularly  when  total  viral  DNA  is  used  as  a  probe. 
Although  consistent  results  are  obtained,  current  focus  formation  assays 
are  very  tedious  and  give  low  efficiencies.  To  attempt  to  improve  and 
quantitate  these  assays,  recombinant  cloned  plasmids  containing  the  mtr-I 
and  mtr-II  sequences  were  prepared  and  a  co-selection  assay  tested  in 
which  the  mtr-I  and  mtr-II  sequences  are  linked  to  the  viral  thymidine 
kinase  gene  (TK).  So  far  LTK  cell  lines  containing  mtr-I  sequences  by 
linked  co-selection  were  successfully  established.  While  most  of  these 
cell  lines  contain  one  copy  of  the  viral  DNA  per  cell,  some  possess  as 
many  as  ten  or^more  copies  apparently  arranged  as  tandem  repetitions.  A 
library  of  LTK  cell  lines  containing  various  additional  portions  of  HSV-1 
and  HSV-2  DNA  adjacent  to  the  TK  genes  at  0.303-0.313  have  been  established. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Recent  advances  in  biochemical  techniques  for  segregating  and  character- 
izing small  DNA  fragments  released  by  endonucleases  provide  the  opportunity 
to  assay  tumor  tissues  for  the  presence  of  a  small  fraction  of  herpes- 
virus genome  in  the  host  cell  genome.  A  major  objective  is  the  deter- 
mination of  etiology  of  diseases  which  so  far  have  been  shown  to  be  assoc- 
iated with  specific  DNA  viruses  by  serological  and  epidemiological  techniques. 
The  new  capability  to  extend  present  knowledge  to  include  biochemical 
genetic  information  about  the  relationship  of  specific  DNA  viruses  to 
specific  cancers  has  a  high  probability  of  contributing  to  cancer  etiology. 

Proposed  Course:  This  project  will  terminate  on  September  29,  1980. 

Date  Contract  Initiated:  September  30,  1977 

Current  Annual  Level:  $115,630 

KAROLINSKA  INSTITUTE  (N01-CP3-3316) 

Title:  Studies  on  the  Significance  of  Herpes-Type  Viruses  and  RNA  Viruses 
in  the  Etiology  of  Some  Human  Cancers 

Contractor's  Project  Director:  Dr.  George  Klein 

Project  Officer  (NCI):  Dr.  Berge  Hampar 

Objectives:  To  elucidate  Epstein-Barr  virus  (EBV)-cell-host  interactions 
and  mechanisms  of  cell-mediated  antitumor  immune  reactions. 

Major  Findings:  Biochemical  experiments  were  carried  out  to  define  the 
various  products  of  EBV-genome  with  the  distinction  made  between  products 
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present  in  the  proliferating,  transformed  cells,  e.g.,  EBNA,  and  the  products 
that  are  associated  with  the  lytic  cycle.  Immunoprecipitation  methods 
were  developed  to  identify -and  distinguish  between  them.  EBNA  was 
purified  to  homogeneity  and  its  interaction  studied  with  a  possible  trans- 
formation related  cellular  protein  (53K). 

A  number  of  somatic  cell  hybrids  have  been  prepared  and  characterized  in 
order  to  study  latency  controlling  mechanisms. 

At  the  level  of  the  host  cell  phenotype,  several  transformation  associated 
changes  in  the  cell  membrane  were  found  to  be  similar  to  more  classical 
systems  in  monolayer  cultures.  EBV  superconversion  changed  surface  gp 
patterns  of  AT-derived  LCL  to  BL-like  lines.  BL  lines  could  be  induced  to 
express  surface  IgD  and  insulin  receptors. 

The  BL  type  reciprocal  8:14  translocation  was  identified  in  a  case  of  ALL, 
with  identical  breakpoints  as  in  the  BL-associated  marker.  This  is  an 
interesting  finding  since  the  rare  B-cell  ALL  is  believed  to  represent  the 
neoplastic  growth  of  the  same  cell  type  as  the  BL  cell. 

The  pre-recurrence  drop  in  anti-MA  titer  previously  shown  in  BL  patients 
was  observed  in  two  NPC  patients. 

Interferon  increased  the  ability  of  NK  cells  to  kill  EBV-carrying  LCL.  It 
was  shown  that  the  activation  was  due  to  recruitment  of  new  effector 
cells,  rather  than  a  stimulation  of  already  active  cells. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Investigations  under  this  project  are  directed  to  two  areas  of  importance 
to  overall  Program.  First,  the  recognition  that  certain  herpesviruses 
induce  neoplasms  in  animals  and  that  EBV  is  associated  with  human 
neoplasms  requires  intensive  study  to  provide  a  better  understanding  of 
the  host-virus  relationship  for  this  group  of  agents.  Data  acquired  under 
this  project  contribute  to  assessment  of  the  role  of  herpesviruses  in  the 
causation  of  human  neoplasms.  Second,  the  analysis  of  the  immunological 
responses  of  the  host  to  tumor  cell  surface  antigens  provides  basic  informa- 
tion important  in  approaches  to  control  of  tumor  development.  The  project 
is  strongly  oriented  to  human  neoplasia,  using  defined  animal  systems  as 
required  for  progress  in  understanding  the  fundamental  mechanisms 
involved. 

Proposed  Course:  This  project  will  continue  without  change. 

Date  Contract  Initiated:  April  9,  1968 

Current  Annual  Level:  $216,700 

LIFE  SCIENCES,  INC.  (NQ1-CP3-3205) 

Title:  Studies  on  Marek's  Disease  as  a  Model  for  Herpesvirus-Associated 
Oncogenesis. 
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Contractor's  Project  Director:  Dr.  Meihan  Nonoyama 

Project  Officer  (NCI):  Dr,  George  Vande  Woude 

Objectives:  To  determine  the  exact  nature  of  the  role  of  the  herpesvirus 
associated  with  Marek's  disease  in  the  etiology  of  this  disease  and  eluci- 
date the  mechanisms  of  interaction  between  herpesviruses  and  RNA  viruses 
in  tumorigenesis  using  specific  pathogen-free  avian  hosts. 

Major  Findings:  The  molecular  biology  of  Marek's  disease  virus  (MDV)  as 
well  as  the  interaction  between  MDV  and  avian  RNA  tumor  viruses  have  been 
studied. 

The  condition  for  efficient  production  of  MDV  has  been  established  but  the 
viral  DNA  yield  is  still  only  Ipg  per  small  roller  bottle.  The  restriction 
enzyme  patter  of  MDV  DNA  is  unique  and  no  similarity  with  herpesvirus  of 
turkeys  (HVT)  was  found.  HVT  DNA  and  MDV  DNA  did  not  share  homology  as 
detected  by  reassociation  kinetics  but  the  result  of  Southern  blot  hybrid- 
ization indicated  that  there  is  1  to  4%  sequence  homology  between  these 
two  DNAs.  Defective  virus  DNA  with  a  lower  density  in  CsCl  has  been  found 
in  higher  passaged  MDV  preparations.  Latency  of  the  MDV  genome  has  been 
studied  in  MD  tumors,  as  well  as  in  MKT  cells,  a  lymphoblastoid  cell  line 
established  from  the  lymphoid  tumor  of  an  MDV-infected  chicken.  A  multiple 
number  of  viral  genomes  per  cell  was  generally  found  both  in  established 
cells  and  tumors  and  the  majority  of  viral  DNA  was  not  integrated  in 
cellular  DNA.  A  limited  portion  of  the  viral  genome  was  found  to  be 
transcribed  both  in  tumors  and  MKT  cells  and  a  portion  of  these  RNAs  was 
transferred  to  polyribosomes.  Latent  viral  DNA  replicated  in  the  early  S 
phase  of  synchronized  MKT  cells  just  as  EBV  DNA  does  in  Raji  cells. 
Temperature  sensitive  mutants  of  MDV  are  being  isolated  at  34C  and  tested 
at  39C  for  their  growing  ability.  The  low  titer  of  cell -free  virus  in  the 
cultured  supernatant  makes  the  study  difficult  but  at  least  some  promising 
results  are  evident. 

In  the  interaction  study  between  MDV  and  RNA  tumor  viruses,  the  enhance- 
ment of  endogenous  viral  expression  was  observed  when  chf+CEF  was  infected 
with  MDV  but  chf-  CEP  did  not  respond  at  all.  Again,  the  low  titer  of 
cell-free  virus  preparations  made  the  study  not  clear.  Src  gene  and  leuk 
gene  expression  was  tested  in  MDV  induced  tumor  but  no  significant  enhance- 
ment was  obtained.  Enhancement  of  tumor  induction  in  LSI-SPF  chickens  by 
coinfection  with  MDV  and  RAV-2  was  not  observed  but  an  apparent  increase 
in  the  mortality  rate  of  coinfected  birds  was  obvious.  The  high,  early 
mortality  observed  in  MDV  and  RAV-2  coinfected  LSI  chickens  was  associated 
with  an  increased  incidence  of  severe  anemia.  All  attempts  to  immortalize 
chick  lymphocytes  by  infection  with  MDV,  MDV  and  RAV,  or  by  cotreatment 
with  chemicals  and  virus  have  been  unsuccessful. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  In 
comparison  to  the  RNA  tumor  viruses,  comparatively  little  is  known  con- 
cerning the  role  of  herpesviruses  in  oncogenesis  or  their  interaction  with 
endogenous  RNA  tumor  viruses.  Certain  herpesviruses  have  been  implicated 
in  the  etiology  of  carcinoma,  lymphoma,  and  leukemia  in  different  species 
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of  animals  and  other  viruses  of  this  group  have  been  shown  to  be  strongly 
associated  with  neoplasia  In  man.  This  project  provides  the  opportunity 
to  acquire  Information  on  one  herpesvirus  In  relation  to  a  malignant 
disease  in  Its  natural  host:  this  may  aid  in  understanding  the  role  of 
herpesviruses  in  oncogenic  processes  in  man. 

Proposed  Course:  This  contract  terminated  on  February  29,  1980. 

Date  Contract  Initiated:  November  1,  1968 

Current  Annual  Level:  $499,490 

MASSACHUSETTS  GENERAL  HOSPITAL  (N01-CP4-3222) 

Title:  Activation  of  Oncogenic  Viruses  and  Induction  of  Cancer  by 
Immunologic  and  Nonimmunologic  Methods. 

Contractor's  Project  Directors:  Dr.  Martin  S.  Hirsch 

Project  Officer  (NCI):  Dr.  Maurice  L.  Guss 

Objectives:  To  determine  the  effects  of  human  interferon  in  the  prophylaxis 
of  virus  infections  in  immunosuppressed  kidney  transplant  patients. 

Major  Findings:  The  contractor  has  completed  initial  studies  of  patients 
enrolled  In  a  double-blind,  placebo-controlled  trial  of  interferon  pro- 
phylaxis In  renal  transplant  recipients.  Several  Important  observations 
were  made  during  these  studies. 

A  six  week  course  of  relatively  low  dose  interferon  delayed  excretion  of 
cytomegalovirus  (CMV)  and  decreased  the  incidence  of  CMV  viremia.  CMV 
viremia  was  associated  with  severe  clinical  syndromes  including  kidney 
graft  dysfunction.  Graft  dysfunction  during  CMV  viremia  resulted  not  from 
enhanced  rejection,  but  from  glomerulonephritis  that  was  mediated  by  CMV 
antigen-antibody  Immune  complexes. 

Interferon  also  delayed  and  reduced  the  excretion  of  Epstein-Barr  virus 
(EBV)  in  renal  transplant  recipients,  particularly  during  the  period  of 
interferon  administration.  The  incidence  of  herpes  simplex  virus  (HSV) 
excretion  was  slightly,  but  not  significantly,  reduced  by  Interferon,  and 
BK  virus  (BKV)  excretion  was  not  affected  by  interferon.  BKV  was  demon- 
strated to  be  relatively  resistant  to  Interferon's  antiviral  action 
in  vitro. 

Other  factors  found  to  increase  virus  Infections  in  transplant  patients 
were  the  use  of  cadaver  donor  kidneys  and  the  use  of  anti -thymocyte 
globulin  (ATG).  CMV  viremia  and  clinical  syndromes  attributed  to  CMV 
were  more  frequent  in  ATG  recipients  than  in  patients  receiving  only 
conventional  Immunosuppression.  EBV  excretion  was  also  more  frequent 
in  ATG  recipients,  and  antibody  rises  to  EBV  viral  capsid  antigen  (VCA) 
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and  early  antigen  (EA)  were  seen  exclusively  in  this  group.  The  appear- 
ance of  antibodies  to  the  restricted  component  of  early  antigen  (anti- 
EA-R)  correlated  with  syndrome  characterized  by  fever  and  leukopenia. 

Patients  are  being  followed  for  long  term  sequelae  of  virus  infection  or 
interferon  therapy.  No  tumors  have  yet  developed  and  graft  survival  is 
equivalent  in  interferon  and  placebo  groups. 

Clinical  trials  have  been  started  to  further  define  the  most  appropriate 
regimens  of  interferon  prophylaxis  in  high  risk  renal  transplant  re- 
cipients. Separate  studies  are  underway  in  reactivation  of  CMV  infections 
and  in  primary  CMV  infections,  the  latter  involving  a  multi center 
collaborative  group. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
studies  on  the  inhibition  of  virus  infection  in  immunosuppressed  patients 
should  provide  valuable  data  on  interferon  prophylaxis,  which  may  later  be 
more  directly  applicable  to  cancer  prophylaxis  and  therapy. 

Proposed  Course:  The  current  clinical  studies  will  be  continued  according 
to  the  protocols  already  established,  with  appropriate  modifications  as 
these  seem  clinically  indicated.  Plans  have  been  developed  in  collaboration 
with  other  renal  transplant  centers  to  expand  the  studies  of  interferon, 
viruses  and  cancer  in  kidney  graft  recipients.  Particularly  high  risk 
groups  will  be  studied  and  regimens  will  include  higher  dose  interferon 
for  more  prolonged  periods. 

Date  Contract  Initiated:  September  15,  1971 

Current  Annual  Funding:  $225,485 

MAYO  FOUNDATION  (N01-CP9-1006) 

Title:  Application  of  Epstein-Barr  Virus  Markers  to  Diagnosis  and 

Prognosis  of  Nasopharyngeal  Carcinoma  and  Occult  Tumors  of  the 
Nasopharynx  Area  in  American  patients. 

Contractor's  Project  Director:  Dr.  Gary  Pearson 

Project  Officer  (NCI):  Dr.  Robert  Goldberg 

Objectives:  The  objective  of  the  project  is  the  determination  of  the 
usefulness  of  Epstein-Barr  virus  (EBV)  markers  in  established  serological 
tests  for  diagnosis  and  prognosis  of  nasopharyngeal  carcinoma  (NPC)  and 
primary  tumors  of  the  head  and  neck  in  the  United  States. 

Major  Findings:   Subcontracts  were  initiated  with  a  network  of  institutions 
in  the  United  States  to  obtain  sufficient  patient  numbers  and  clinical 
materials  from  different  ethnic  groups  to  determine  the  potential  clinical 
value  of  EBV  markers.  Over  the  first  year  of  this  contract,  87  NPC  patients 
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from  the  different  institutions  were  entered  into  the  study.  Sera  was 
tested  for  antibodies  to  different  EBV  antigens  by  two  different  laborator- 
ies with  good  concordance..  The  serology  profiles  of  each  patient  were 
related  to  histopathology  and  stage  of  disease.  In  addition  32  patients 
with  occult  tumors  in  the  head  and  neck  area  were  entered  into  the  program 
to  determine  if  EBV  immunology  in  conjunction  with  histopathology  might 
identify  those  individuals  with  occult  NPC.  The  results  with  these  popula- 
tions were  compared  with  those  from  control  populations  including  patients 
with  other  head  and  neck  cancers,  nonmalignant  diseases  of  the  head  and 
neck  area,  and  normal  nondiseased  individuals  including  family  members. 
The  results  indicate  that  sera  from  patients  with  non- keratinizing  and 
poorly  differentiated  histopathological  types  of  NPC  contain  IgA  antibodies 
to  EBV  antigens  at  a  high  frequency  in  comparison  to  individuals  with 
squamous  cell  carcinoma  of  nasopharynx  and  to  those  from  the  different 
control  populations,  suggesting  that  this  antibody  might  be  a  useful 
clinical  diagnostic  marker  for  some  but  not  necessarily  all  pathological 
forms  of  NPC.  Approximately  80  per  cent  of  the  serum  samples  collected  at 
diagnosis  from  patients  with  nonkeratinizing  or  poorly  differentiated  NPC 
have  been  positive  for  IgA  antibodies  to  VCA  to  date  as  opposed  to  27  per 
cent  of  those  from  patients  with  well -differentiated  squamous  carcinoma 
and  5-16  per  cent  of  the  sera  from  the  different  control  populations. 
This  test  has  also  been  useful  to  date  for  identifying  individuals  with 
occult  NPC.  All  patients  are  now  being  followed  at  3-6  month  intervals  to 
determine  the  potential  prognostic  value  of  EBV  serology  including  anti- 
body-dependent cellular  cytotoxicity  (ADCC).  Follow-up  serum  samples  have 
now  been  obtained  from  38  patients.  Biopsy  specimens  are  also  being 
examined  for  viral  DNA  by  hybridization  experiments.  To  date,  24  biopsies 
encompassing  the  different  histopathological  types  of  NPC  are  under  study 
by  this  approach.  In  addition,  lymphocytes  from  21  patients  have  been  HLA 
typed  to  determine  if  American  NPC  patients  show  an  increased  frequency  of 
any  HLA  marker  as  reported  for  Chinese  patients.  To  date,  results  from 
this  small  group  of  patients  indicate  that  there  might  be  an  increased 
frequency  of  both  Al  and  DW  40  in  individuals  with  this  malignant  disease. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  This 
project  offers  the  opportunity  to  demonstrate  that  EBV  assays  can  be  used 
for  improved  diagnosis  and  management  of  American  patients  with  head  and 
neck  tumors.  It  is  anticipated  that  the  knowledge  gained  could  be  trans- 
ferred to  cancer  centers  for  wider  application  in  cancer  control. _  The 
study  will  further  permit  assessment  of  the  specificity  of  the  viral 
markers  in  the  identification  of  high  risk  populations  and  other  environ- 
mental factors  contributing  to  the  etiology  of  NPC. 

Proposed  Course:  This  project  will  continue  without  change. 

Date  Contract  Initiated:  October  23,  1978 

Current  Annual  Level:  $273,525 

MERCK  AND  COMPANY,  INC.  (N01-CP9-1005;  successor  to  N01-CP1-2Q59) 

Title:  HSV-2  Vaccine  Development  and  Clinical  Testing. 
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Contractor's  Project  Directors:  Dr.  Maurice  Hilleman 

Dr.  Vivian  Larson 

Project  Officer  (NCI):  Dr.  Maurice  L.  Guss 

Objectives:   The  overall  objective  is  to  determine  the  practical  feasi- 
bility for  immunologic  prevention  of  virus-induced  cancer  applicable  for 
use  in  humans.  The  specific  objective  is  to  develop  a  herpes  simplex 
virus  type  2  (HSV-2)  subunit  vaccine  suitable  for  prophylactic  trials  in 
man  against  genital  herpetic  disease  and  against  possible  subsequent 
herpes  simplex  virus-induced  cancer. 

Major  Findings:  A  candidate  DNA-free,  glycoprotein-rich  HSV-2  subunit 
antigen  and  a  vaccine  production  process  were  developed.  A  clinical  lot 
of  HSV-2  subunit  vaccine  was  produced  and  tested  for  safety  and  potency. 
Bureau  of  Biologies  and  NCI/NIH  regulatory  requirements  for  initiation  of 
the  first  clinical  study  were  fulfilled  and  the  study  was  initiated  on 
November  20,  1979. 

Ongoing  subunit  vaccine  research  included  the  following:  (1)  continuation 
of  long  term  experiments  demonstrating  the  persistence  of  neutralizing 
antibody  in  animals  following  vaccination  with  HSV-2  subunit  antigens,  (2) 
demonstration  that  subunit  antigen  #6  derived  from  the  Curtis  strain  of 
HSV-2  induced  significant  protection  against  acute  and  latent  (ganglionic) 
infection  of  mice  by  a  heterologous  strain  of  HSV2  (MS)  and  (3)  continua- 
tion of  studies  dealing  with  further  proof  of  vaccine  safety  and  vaccine 
process  improvements. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  If 
viruses  are  proved  to  cause  some  human  cancers,  a  vaccine  may  effectively 
prevent  or  minimize  infection  or  presensitize  the  host  to  reject  antigens 
expressed  during  the  earliest  stage  of  tumor  development.  Since  live 
attenuated  or  killed  virus  vaccines  for  potentially  oncogenic  viruses 
would  not  be  acceptable  for  human  use  due  to  the  danger  of  transfer  of 
functional  viral  genetic  material,  this  project  was  initiated  to  determine 
whether  vaccines  prepared  from  purified  viral  antigens  acceptable  for  use 
in  humans  are  of  practical  value. 

Proposed  Course:  This  project  will  be  completed  on  September  30,  1980. 

Date  Contract  Initiated:  December  1,  1978 

Current  Annual  Level:  $767,660 

OHIO  STATE  UNIVERSITY  (N01-CP8-1Q21) 

Title:  Studies  on  the  Epstein-Barr  Virus  and  its  Association  with 
Nasopharyngeal  Carcinoma. 

Contractor's  Project  Director:  Dr.  Ronald  Glaser 

Project  Officer  (NCI):  Dr.  Berge  Hampar 
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Objectives:  Determination  of  the  role  of  Epstein-Barr  virus  (EBV)  in  nasopha- 
ryngeal carcinoma  (NPC)  by  conducting  studies  (1)  on  infection  by  EBV  of 
normal  human  epithelial  cells,  particularly  nasopharyngeal  cells;  (2)  on 
cellular  hybridization  with  an  HR-1  cell  line  containing  one  EBV  genome 
per  cell;  (3)  on  transformation  of  normal  human  primary  epithelial  cells 
with  EBV  by  a  nuclear  exchange  procedure;  and  (4)  on  iji  vivo  cell  fusion 
of  EBV  genome  positive  lymphoid  cells  and  nasopharyngeal  cells. 

Major  Findings:  Studies  have  continued  on  transfection  of  epithelial 
cells  with  EBV  DNA.  Total  DNA  was  obtained  from  producer  cell  lines  (HR-1 
and  AG-875)  and  used  to  transfect  a  human  epithelial  tumor  cell  line, 
designated  F-433.  Using  immunofluorescence  techniques,  evidence  was  found 
of  synthesis  of  at  least  virus  induced  early  antigen  in  cells  exposed  to 
calcium  phosphate  precipitate  of  a  virus-cell  DNA  hybridization.  These 
data  are  the  first  reported  of  successful  transfection  of  epithelial  cells 
with  EBV  DNA. 

Attempts  were  made  to  infect  normal  epithelial  nasopharyngeal  explant  cell 
cultures  prepared  from  human  and  squirrel  monkey  tissue  with  EBV.  Explant 
cell  cultures  were  exposed  to  both  HR-1  and  B95-8  derived  EBV  and  examined 
for  EBV  specific  antigens  by  immunofluorescence  and  electron  microscopy. 
Thus  far,  the  contractor  was  not  able  to  find  normal  human  epithelial 
nasopharyngeal  cells  which  could  be  infected  with  EBV.  However,  similar 
explant  cultures  derived  from  squirrel  monkey  tissue  could  be  infected. 
The  data  suggesting  that  these  cells  have  receptors  and  are  infectable 
with  EBV  were  obtained  from  electron  microscopy,  and  immunofluorescence 
experiments.  Results  continue  to  be  consistent  with  the  hypothesis  that 
EBV  can  infect  at  least  certain  cells  of  the  nasopharynx. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Sero-epidemiological  surveys  have  demonstrated  a  relationship  between 

EBV  and  cancer.  These  studies  will  provide  information  as  to 

whether  EBV  plays  a  role  in  NPC  and  if  the  association  of  the  EBV  genome 

in  the  epithelial  cells  of  the  tumor  is  important  for  the  induction  of  the 

tumor. 

Proposed  Course:  This  project  will  continue  without  change. 

Date  Contract  Initiated:  March  29,  1978 

Current  Annual  Level:  $160,900 

PENNSYLVANIA  STATE  UNIVERSITY  (N01-CP5-3516) 

Title:  Studies  on  the  Oncogenic  Potential  of  Defective  Human  Viruses. 

Contractor's  Project  Director:  Dr.  Fred  Rapp 

Project  Officer  (NCI):  Dr.  Brenda  Gerwin 

Objectives:  To  conduct  a  systematic  study  of  the  oncogenic  potential  of 
defective  human  viruses. 
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Major  Findings:  It  was  demonstrated  that  herpes  simplex  viruses  (HSV)  and 
human  cytomegalovirus  (HCMV)  had  properties  similar  to  those  of  the  known 
tumor  viruses.  HCMV  induced  cellular  DNA  synthesis  and  transformed  rodent 
and  human  cells  to  malignancy.  HSV-1  and-2  caused  morphologic  transforma- 
tion, yielding  malignant  phenotypes.  These  model  systems  were  examined  in 
detail  and  yielded  the  first  clues  that  only  a  portion  of  the  genome  was 
required  to  maintain  the  transformed  state.  The  important  observation 
that  photodynamic  inactivation  of  herpes  simplex  virus  enabled  retention 
of  transforming  activity  by  the  virus  genome  eventually  aided  in  limiting 
use  of  this  treatment  for  therapy  of  human  herpetic  infections. 

Mouse  interferon  inhibited  HSV-mediated  transfer  of  genetic  information. 
The  continuous  addition  of  2,000  units  of  interferon  before  and  after 
virus  infection  almost  completely  inhibited  formation  of  transformed 
colonies.  Through  the  use  of  HSV  temperature-sensitive  (ts)  mutants  with 
known  lesion  locations,  experiments  were  carried  out  to  determine  the 
physical  location  of  transformation-related  genes.  These  mutants  were 
classified  according  to  their  biochemical  transforming  abilities.  The 
results  implicate  virus  DNA  synthesis  with  maintenance  of  the  transformed 
state  and  with  thymidine  kinase  transformation. 

It  was  demonstrated  that  there  are  preexisting  nicks  and  gaps  in  HSV  DNA 
and  that  these  are  primarily  responsible  for  the  heterogeneous 
sedimentation  pattern  of  untreated  HSV  DNA  on  an  alkaline  sucrose  gradient. 
The  Hirt  procedure  was  modified  to  obtain  large  quantities  of  HSV,  HCMV, 
and  VZV  DNA  from  infected  cells.  Recovery  of  virus  DNA  by  this  procedure 
is  approximately  72%,  and  the  yield  is  about  10  pg  of  HSV  DNA  per  10^  cells. 
This  amount  is  about  50  times  greater  than  that  obtained  by  isolating  DNA 
from  intact  virions  grown  in  the  same  number  of  cells. 

Studies  of  HSV-2  latency  have  employed  HCMV  to  stimulate  reactivation  of 
HSV-2  in  an  j£i  vitro  system  in  which  cells  were  pretreated  with  an  inhibitor 
of  DNA  synthesis.  The  specificity  of  HSV-2  reactivation  by  HCMV  is 
supported  by  neutralization  studies  and  by  inactivation  of  HCMV  by  heat 
and  irradiation.  Further  investigations  also  revealed  that  preinfection 
of  rabbit  kidney  cells  with  HCMV  enhanced  reactivation  and  survival  of 
UV-irradiated  HSV. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
observations  made  under  this  project  indicate  that  some  strains  of  herpes- 
viruses commonly  afflicting  humans  may  express  oncogenic  properties  under 
certain  conditions.  Better  assay  procedures  for  transforming  potential 
may  provide  a  means  to  assess  the  significance  of  virus  strain  differences 
within  populations  leading  to  a  better  understanding  of  the  nature  of  the 
association  of  HSV-2  with  human  cancer. 

Proposed  Course:  This  contract  terminated  on  March  31,  1980 

Date  Contract  Initiated:  October  27,  1969 

Current  Annual  Level:  $499,490 
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PENNSYLVANIA  STATE  UNIVERSITY  (N01-CP6-1063) 

Title:  In  Vitro  Malignant. Transformation  of  Human  and  Subhuman  Primate 
Cells  by  Interaction  Between  Viruses  and  Chemicals. 

Contractor's  Project  Director:  Dr.  Fred  Rapp 

Project  Officer  (NCI):  Dr.  Masakazu  Hatanaka 

Objectives:  To  determine  whether  chemical  carcinogens  enhance  or 
potentiate  viral  oncogenic  transformation  of  primate  cells  in  vitro  and  to 
elucidate  the  mechanisms  of  action,  the  contractor  will  treat  human  or 
nonhuman  primate  cell  cultures  persistently  infected  with  virus  with 
chemical  carcinogens  and  observe  for  and  confirm  malignant  transformation 
events. 

Major  Findings:  Oncogenic  synergism  between  N-nitroso  compounds  and 
oncogenic  viruses  were  investigated.  Nitrosamides,  compounds  that  degrade 
spontaneously  to  alkylating  agents  at  physiologic  pH  have  been  employed 
and  attempts  made  to  determine  and/or  to  enhance  dimethyl nitrosamine  (DMN) 
metabolism  by  cells.  Rat  hepatocytes  metabolize  DMN  and  diethylnitrosamine 
(DEN)  linearly  for  90  minutes  and  repair  at  least  one  (the  0  )  of  the 
carcinogen  methylations.  Removal  of  the  alkylated  base  0  methyl  guanine 
was  studied  in  rodent  tissues.  Liver  was  more  efficient  at  removal  than 
kidney.  The  rat  enzyme  that  removes  0  -alkylguanine  has  been  characterized 
and  does  not  appear  to  be  an  N-glycosylase.  The  contractor  could  not 
confirm  that  infection  of  cells  by  herpes  simplex  virus  (HSV)  induces  cell 
enzymes  for  metabolism  of  nitrosamines. 

Using  an  Tn  vitro  assay  for  the  biochemical  transformation  of  mouse  cells 
by  the  HSV  thymidine  kinase  (TK),  it  has  been  demonstrated  that  pre- treatment 
of  TK  mouse  cells  with  nitrosomethyl  urea  results  in  an  enhancement  of  the 
transformation  susceptibility  of  those  cells.  Enhanced  susceptibility 
occurs  during  DNA  repair  that  follows  carcinogen  treatment  and  enhanced 
integration  of  virus  DNA  may  occur  within  this  time.  Enhanced  integration 
of  virus  DNA  subsequent  to  carcinogen-induced  DNA  repair  has  been  suggested 
by  other  workers. 

Coadministration  of  ethylnitrosourea  and  simian  virus  40  (SV40)  to  newborn 
hamsters  results  in  a  more  rapid  onset  of  tumors  when  compared  to  animals 
given  virus  alone  or  carcinogen  alone.  These  tumors  resemble  SV40-induced 
tumors.  The  carcinogen  may  allow  a  more  efficient  establishment  of  virus 
tumors,  again  possibly  by  facilitating  virus  integration. 

To  quantitatively  detect  transformation  by  HSV,  morphologically  trans- 
formed clones  of  human  osteosarcoma  biopsy  cells  (HOS)  were  derived  after 
exposure  to  HSV.  The  clones  possess  HSV-2  antigens  and  are  superinfectable 
by  virus.  The  transformed  lines  showed  increased  plasminogen  activator 
activity  and  contain  HSV  messenger  RNA.  HSV  transformed  hamster  cells 
possess  increased  levels  of  plasminogen  activator.  This  enzyme  can  function 
extracellularly  and  can  be  induced  in  normal  cells  after  infection  with 
ultraviolet  irradiated  HSV-2.  This  property  may  be  exploited  by  using 
detection  of  increased  plasminogen  activator  to  detect  transformed  foci. 
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In  summary,  U)   vivo  and  iji  vitro  models  of  cocarcinogenic  events  between 
DNA  tumor  viruses  and  N-nitroso  compounds  have  been  developed.  Systems 
for  measuring  the  interaction  between  the  carcinogens  and  cell  components 
and  to  detect  virus-associated  macromolecules  exist.  Study  of  these 
mechanisms  may  yield  a  unifying  mechanism  for  the  potentiation  of  tumor 
viruses  by  carcinogens. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Several  DNA  viruses,  notably  the  papovavi ruses,  herpesviruses  and  adeno- 
viruses have  been  shown  to  possess  transforming  or  oncogenic  potential  in 
laboratory  animals.  The  effort  also  may  provide  insights  into  whether 
DNA  tumor  viruses  mediate  cellular  transformation  by  activating  endogenous 
host  oncogenic  sequences.  These  studies  may  provide  iji  vitro  test  systems 
vitally  needed  for  rapid  screening  of  potential  carcinogens. 

Proposed  Course:  This  contract  terminated  on  March  31,  1980. 

Date  Contract  Initiated:  September  29,  1976 

Current  Annual  Level:  $80,000 

SAINT  LOUIS  UNIVERSITY  (N01-CP4-3359) 

Title:  Search  for  Viral-Specific  Genetic  Material  in  Human  Cancers  and 
Studies  on  the  Mechanism  of  Oncogenesis  by  DNA  Tumor  Viruses. 

Contractor's  Project  Director:  Dr.  Maurice  Green 

Project  Officer  (NCI):  Dr.  Maurice  L.  Guss 

Objectives:  This  research  program  is  aimed  to  achieve  increased  under- 
standing of  the  mechanism  of  cell  transformation  by  DNA  tumor  viruses  and 
to  apply  new  information  on  viral  carcinogenesis  and  molecular  biology  of 
human  cells  directly  to  the  problems  of  human  cancer. 

Major  Findings:  Cancer  DNA  or  RNA  were  assayed  for  viral  transforming 
genes  (TG)  by  liquid  hybridization,  and  Southern  and  Northern  blotting 
using  i_n  vitro  labeled  viral  genomic  or  transforming  fragment  DNA.  About 
2,500  tissues,  DNAs,  and  RNAs  were  collected,  and  inventoried  by  computer. 
Adl-31  were  classified  into  5  DNA  homology  groups  (A-E)  and  the  distribu- 
tion of  TGs  established.  Using  Ad   P-TG  probes.  Ad  DNA  (1  copy  sensitivity) 
was  ruled  out  in  cancers  representing  34%  (group  A),  56%  (group  B),  and 
43%  (group  C)  of  U.S.A.  incidence.  About  30%  of  normal  human  tonsils 
express  Ad2  TG  and  contain  20  copies  per  cell  of  Ad2  DNA.   No  Ad4  DNA 
(group  E)  (5-10%  of  genome,  1  copy  sensitivity)  was  detected  in  44%  of 
cancer  incidence.  With  Adl9  DNA  (group  D)  as  probe,  101  cancer  DNAs  (1 
copy  sensitivity  were  screened;  several  possible  positives  are  being 
retested.  JCV  (Mad-1)  DNA  hybridized  5%  with  all  human  DNAs  and  up  to  30% 
with  24  tumor  DNAs.  Southern  blots  showed  that  two  independent  isolates, 
JCV  (Mad-1)  and  JCV  (Mad-6),  contain  the  same  specific  human  DNA  sequences; 
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the  importance  of  these  sequences  Is  being  studied.  JCV  strains  Mad-1, 
-2,  -3,  -4,  and  -6  were  cloned.  BKV  DNA  did  not  hybridize  to  human 
cancers  representing  49%  incidence.  Blot  analysis  of  71  cancer  and  8 
normal  DNAs  (0.2  copy  sensitivity)  excluded  BKV  sequences  in  all  but 
possibly  5  tissues.  HPV-1  and  HPV-2  DNA  did  not  hybridize  to  cancers 
representing  44%  and  59%  incidence.  Since  HPVs  cannot  be  grown,  HPV-1, 
HPV-2,  HPV-3,  and  HPV-4  DNA  were  cloned  for  extensive  characterization  and 
cancer  analysis. 

In  extensive  blotting  analyses  of  5  cell  lines  transformed  by  group  C  Ads, 
it  was  shown  that  all  Ad  sequences  are  integrated,  and  that  the 
integration  pattern  is  complex  and  apparently  nonspecific.  There  is  a 
tendency  for  head-to-tail  arrangements  to  occur,  the  transforming  region 
is  always  intact  suggesting  that  expression  of  transforming  genes  is 
required  for  transformation,  and  other  early  regions  may  be  intact  and 
expressed  as  RNA  and  protein. 

Significance  to  Biomedical  Research  and  to  the  Program  of  the  Institute: 
This  IS  a  systematic  study  using  the  most  sensitive  techniques  available 
to  probe  for  evidence  of  an  association  between  members  of  the  adenovirus 
and  papovavirus  groups  and  neoplasms  occurring  in  humans. 

Proposed  Course:  With  the  development  of  highly  sensitive  and  specific 
DNA  probes,  major  emphasis  continues  on  the  analysis  of  human  tumors  for 
the  presence  of  adenovirus,  papovavirus,  and  human  papilloma 
virus-specific  nucleic  acid  sequences. 

Date  Contract  Initiated:  March  20,  1967 

Current  Annual  Level:  $500,000 

TEXAS,  UNIVERSITY  OF  (N01-CP6-1042) 

Title:  In  Vitro  Transformation  of  Mammalian  Cells  Resulting  from  the 

Intracellular  Interaction  of  a  Nononcogenic  Virus  and  Chemicals. 

Contractor's  Project  Director:  Dr.  Thomas  Albrecht 

Project  Officer  (NCI):  Dr.  Robert  Goldberg 

Objectives:  To  explore  the  possibility  that  interactions  between  chemical 
carcinogens  and  cells  persistently  infected  with  a  nononcogenic  virus  may 
result  in  malignant  transformation  the  contractor  will  (1)  develop  iji 
vitro  cell  culture  systems  persistently  infected  with  normally 
nononcogenic  viruses;  (2)  subject  such  cultures  to  insult  by  carcinogenic 
chemicals;  (3)  monitor  treated  and  control  cell  cultures  for  morphological 
transformation,  activated  expression  of  endogenous  oncornavirus  information 
and  altered  expression  of  the  nononcogenic  virus;  and  (4)  confirm  the 
malignant  potential  of  transformed  cells  by  i_n  vivo  inoculation  of  appro- 
priate hosts. 
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Major  Findings:  Differences  in  CMV  plaque  morphology,  which  distinguish 
two  or  three  groups  of  CMV,  were  shown  to  be  the  result  of  differing 
cytopathologies.  Nuclear  inclusions  induced  by  CMV  contain  subunits, 
"virus  factories,"  which  permit  sophisticated  control  of  CMV  DNA  replication. 
At  40. 5C  a  control  function  necessary  for  CMV  late  expression  is  blocked 
resulting  in  conditions  favoring  the  formation  of  persistent  infections. 

Persistent  infections  were  established  with  several  CMV  strains  in  cells 
derived  from  lung  or  skin  and  pectoral  muscle  using  supraoptimal  temperature. 
A  persistent  infection  was  also  established  using  a  CMV  stock  enriched 
for  defective  particles  at  37C. 

Two  transformed  cell  lines  were  obtained  following  exposure  of  persistently 
infected  LU-76-24  cells  to  0.05g/ml  of  NQO  or  0.10  g/ml  of  MCA  and  were 
designated  LUC-NQO  and  LUC-MCA,  respectively.  Similar  doses  of  chemical 
or  virus  alone  were  ineffective  in  inducing  stable  transformation  under 
these  conditions.  Larger  doses  of  these  and  other  chemicals  either  induced 
a  lytic  virus  infection  or  were  toxic  to  the  treated  cells. 

The  transformed  cell  line  LUC-NQO  is  composed  of  small  fibroblasts  with 
scant  cytoplasm.  They  are  poorly  contact  inhibited,  grow  to  a  high-cell 
density,  and  plate  with  excellent  efficiency  in  semi-solid  soft  agarose 
medium.  CMV  antigens  have  been  demonstrated  in  these  cells  by  various 
immunofluorescence  (IF)  techniques.  Anticomplement  tests  or  direct  IF 
tests  with  serum  rich  in  antibodies  to  early  CMV  antigens  have  detected 
CMV-specific  nuclear  antigens  in  about  90%  of  the  cells.   Infectious  virus 
was  not  isolated  from  LUC-NQO  cell  lysates,  or  from  LUC-NQO  cells  following 
cocultivation  with  lung  cells  or  lUdR  induction.  Small  growths  were 
found  at  the  site  of  injection  in  nude  mice,  but  they  regressed  over 
several  weeks. 

Several  nitrosamides  have  been  shown  to  inactivate  the  infectivity  of 
human  herpesviruses.  Inactivation  of  CMV  by  NQO  is  both  time  and  dose 
dependent,  but  is  independent  of  light.  NQO  is  reduced  to  the  nonphoto- 
dynamic  metabolite  HAQO  lysates  of  CMV  infected  cells  explaining  the  above 
observations.  Significant  differences  have  been  found  in  the  rate  of 
inactivation  of  HSV-1  and  HSV-2  strains.  Substantial  differences  were 
observed  in  the  rate  of  CMV  inactivation  with  other  nitrosamides 
(N-nitrosomethylurea,  N-nitrosophenylurea,  N-nitrosoethylurea).  Virus 
inactivation  has  been  observed  with  1.9  x  10"6  M  polycyclichydrocarbons. 
With  nitrosamines  or  aromatic  amines  CMV  inactivation  occurred  only  at 
high  doses,  if  at  all. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
synergistic  effects  of  chemicals  and  oncogenic  viruses  in  malignant  trans- 
formation of  cells  has  been  demonstrated.  Similarly,  several  normally 
nononcogenic  DNA  viruses  have  been  shown  to  be  oncogenic  after  treatment 
by  chemical  or  physical  factors.  This  project  will  further  the  under- 
standing of  the  possible  importance  of  the  interaction  of  chemical  car- 
cinogens and  normally  nononcogenic  viruses  as  related  to  malignant  trans- 
formation. 
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SUMMARY  REPORT 
RNA  VIRUS  STUDIES 


The  RNA  Tumor  Virus  Studies  supported  by  the  contract  mechanism  are  concerned 
with  research  on  viruses  with  a  ribonucleic  acid  core  which  are  known  or  sus- 
pected to  be  involved  in  the  induction  of  malignant  transformation  of  animal 
and  human  cells.  These  studies  are  divided  into  four  major  categories: 
(1)  role  of  RNA  virus  expression  in  differentiation,  transformation,  car- 
cinogenesis and  autoimmune  disease,  (2)  analysis  of  RNA  virus  expression, 
(3)  detection  of  retroviral  information  in  human  tissues,  and  (4)  studies 
related  to  cancer  prophylaxis. 

1.  Role  of  RNA  Virus  Expression  in  Differentiation,  Transformation,  Carcino- 
genesis and  Autoimmune  Diseases.  A  heavy  form  of  gp70  complexed  to  Ig  has 
been  found  in  mice  with  renal  disease  resembling  that  of  human  systemic  lupus 
erythematosis  (SLE).  The  complexes  appeared  with  the  onset  of  renal  disease 
and  persisted  throughout  its  course.  By  contrast,  normal  strains  of  mice  with 
comparable  serum  gp70  levels  did  not  have  heavy  gp70.   It  was  also  determined 
that  significant  levels  of  anti-AKR  ecotrope  gp70  and  Rauscher  MuLV  gp70  anti- 
bodies are  not  necessarily  associated  with  the  murine  SLE  syndrome. 

The  human  complement  component  CI  is  activated  by  murine  leukemia  viruses  in 
the  absence  of  specific  antibody.  This  activation  requires  the  binding  of  CI 
to  the  viral  surface  through  two  subcomponents  Clq  and  Cls.  Human  Clr  has  no 
affinity  for  the  virus.  This  may  explain  why  RNA  viruses  are  seldom  found  in 
human  tissues. 

Recent  studies  have  resulted  in  the  identification  of  a  phosphorylated  protein 
of  29,000  molecular  weight  (PP29)  in  rat  sarcoma  virus  (RaSV)  transformed  cells 
but  not  in  rat  leukemia  virus,  chemically  or  other  type  C  virus  transformed  rat 
tumor  cells.  The  protease  generated  peptides  of  PP29  share  common  immunological 
determinants  with  a  21,000  mol.  wt.  protein  present  in  Ha-  and  KiMSV  transformed 
rat  tumor  cells.  Goat  and  beagle  dog  fibroblasts  were  also  transformed  by  RaSV 
pseudotypes  of  the  baboon  endogenous  virus.  These  RaSV  transformed  goat  and 
dog  cells  also  contain  immunoprecipitable  protein  (PP29)  similar  to  that  iso- 
lated from  RaSV  transformed  rat  cells.  These  results  strengthen  the  finding 
that  PP29  is  a  transformation  specific  protein  and  is  probably  required  for  the 
maintenance  of  RaSV  induced  transformation. 

2.  Analysis  of  RNA  Virus  Expression.  Virus  expression  in  model  systems  was 
analyzed  to  serve  as  a  basis  for  detection  of  RNA  virus  information  in  human 
tissues  and  for  studies  on  the  functional  role  of  these  viruses  during  patho- 
genesis. These  studies  include  analysis  of  the  viral  structural  components, 
as  well  as  viral  and  host  genetic  control  mechanisms. 

Analyses  of  viral  DNA  forms  in  a  variety  of  cells  with  Fv-1  alleles  indicates 
that  there  are  two  kinds  of  Fv-1  restriction.  One  represented  by  SME  and  RF 
cells  show  inhibition  of  the  linear  form  and  the  closed  circular  form  of  DNA 
while  the  other  type  represented  by  DBA/2  and  C3H  cells  show  inhibition  only 
of  the  closed,  circular  form  of  DNA  and  is  therefore  like  the  restriction  seen 
with  the  Fv-r  allele. 
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A  new  MuLV  restriction  gene  called  Akvr   has  been  discovered  in  Lake  Casitas 
(LC)  wild  mice.  This  gene  restricts  ecotropic  AKR  and  FMR  viruses  but  does 
not  restrict  wild  mouse  amphotropic  virus.  It  is  a  dominant  gene,  polymorphic 
in  LC  mice  but  fully  expressed  and  powerful  in  its  prevention  of  ecotropic 
virus  expression  and  lymphomagenesis  in  AKR  x  LC  reciprocal  hybrids. 

A  putative  receptor  for  gp70  (BPgp70)  has  been  isolated,  and  was  shown  to 
reversibly  inhibit  binding  of  gp70  to  Rauscher  murine  leukemia  virus  infected 
cells  but  did  not  bind  at  all  to  uninfected  cells.  Preliminary  evidence 
indicates  that  murine  gp70  binds  to  some  human  tumor  cell  lines. 

Highly  oncogenic  variants  of  the  AKR  viruses  have  similar  3'  termini  and  are 
different  than  the  3'  termini  of  non-oncogenic  or  weakly  oncogenic  variants. 
All  AKR  viruses  studied  have  the  same  sequence  immediately  adjacent  to  the  3' 
terminus  and  a  second  sequence  about  250  nucleotides  from  the  3'  terminus. 

A  cell  surface  antigen  designated  6(/\ksl2)  "is  a  marker  for  a  subclass  of  AKR 
dual  tropic  murine  leukemia  virus  and  represents  the  fourth  in  a  series  of 
MuLV  gp70  determinants  recognized  by  natural  antibody.  It,  can  be  identified 
by  naturally  occurring  cytotoxic  antibody  in  AKR,  AKR-Fv-1  and  AKRF-,  mice. 
An  AKR  dual  tropic  virus  MCF247  and  gp70  fractions  of  MCF247  were  shown  to 
absorb  the  cytotoxic  activity  from  6(AKSL2)  typing  sera.  A  new  cell  surface 
antigen  unrelated  to  the  previously  defined  system  has  now  been  identified 
on  cells  infected  with  either  amphotropic  or  xenotropic  MuLV  by  means  of  nat- 
urally occurring  antibody  in  C57BL/6  serum.  The  genetic  basis  for  expression 
of  some  of  these  cell  surface  antigens  is  being  studied  using  a  variety  of 
segregating  mouse  populations. 

We  now  have  a  better  understanding  on  how  the  reverse  transcriptase  of  retro- 
viruses is  able  to  make  a  DNA  copy  of  the  viral  RNA.  The  minus  strand  of  DNA 
is  copied  from  the  viral  RNA  only  up  to  a  position  about  150  nucleotides  from 
the  5'-end  of  the  RNA.  The  plus  strand  of  DNA  is  initiated  at  a  position  600 
nucleotides  from  the  5' -end  of  the  minus  strand  DNA  and  then  transcribes  about 
20  nucleotides  of  the  tRNA  primer  that  is  covalently  attached  to  the  minus 
strand  DNA.  The  primer  binding  site  provides  a  homology  that  allows  this  600 
nucleotide  plus  strand  to  initiate  synthesis  of  full  length  plus  strand.  This 
600  nucleotide  long  plus  strand  is  called  "plus  strong  stop  DNA"  because  it 
appears  to  fulfill  the  same  function  as  the  minus  strong  stop  DNA.  Its  syn- 
thesis is  actinomycin  D-sensitive,  and  is  found  in  a  double-stranded  complex 
with  its  template. 

The  nucleotide  sequence  of  the  long  terminal  repeat  of  the  Moloney  leukemia 
provirus  has  been  completed.  Study  of  this  sequence  has  permitted  the  iden- 
tification of  the  promoter  and  a  set  of  repeats  downstream  from  the  promoter 
both  of  which  are  believed  to  be  involved  in  RNA  polymerase  binding. 

In  in  vitro  hybridization  reactions,  retroviral  genomic  RNA  and  ribosomal  RNA 
were  found  to  bind  selective  tRNA  species  and,  at  least  in  the  cases  of  chicken 
and  mouse,  the  binding  appears  to  involve  the  same  tRNA  molecules.  Human  ribo- 
somal RNAs  selectively  bind  two  out  of  the  four  glutamic  acid  tRNA  isoacceptors. 
In   vitro  formed  rRNA'tRNA  complexes  are  able  to  serve  as  template-primer  for 
DNA  synthesis  by  reverse  transcriptase.  "Strongstop"  type  of  DNA  products  was 


1299 


observed.  DNA  synthesized  from  chicken  28S  rRNA  is  about  150  bases  long  but 
its  nucleotide  sequence  structure  is  distinctly  different  from  that  of  the 
"strong-stop"  DNA  of  avian,  myeblastosis  virus.  Continued  characterization  by 
sequence  analysis  of  "strong-stop"  DNA  is  in  progress  with  rodent  and  human 
rRNA'tRNA  interaction  to  determine  if  base  sequences  adjacent  to  the  primer 
binding  site  are  related. 

Cellular  integration  sites  in  cloned  populations  of  avian  sarcoma  virus  (ASV)- 
transformed  chick  embryo  cells  and  quail  embryo  cells  have  been  examined  using 
restriction  endonuc^eases,  agarose  gel  electrophoresis,  Southern  blotting  and 
hybridization  with   P-labeled  cDNA  probes.  Individual  clones  of  ASV-infected 
cells  were  found  to  contain  multiple  copies  of  integrated  viral  DNA;  viral  DNA 
sequences  were  shown  to  reintegrate  during  outgrowth  of  individual  clones; 
and  some  clones  contained  unintegrated  viral  DNA  present  as  linear  and  circular 
DNA.  It  is  thought  that  the  multiple  integration  sites  observed  in  these  cells 
are  a  result  of  a  primary  integration  event  followed  by  reintegration  of  viral 
DNA  sequences  during  cell  growth. 

The  location,  specificity  and  stability  of  integrated  ASV  DNA  sequences  was 
examined  in  a  variety  of  transformed  and  revertant  mammalian  cells.  Restric- 
tion analysis  of  ASV-transformed  rat  cells  and  their  revertant  counterparts 
revealed  no  extensive  change  in  the  integrated  viral  genomes  upon  phenotypic 
reversion.  Analysis  of  several  clones  of  ASV-transformed  mouse  cells  over  a 
three  year  period  has  revealed  no  extensive  changes  in  integrated  viral  DNA 
sequences. 

Hybridoma  produced  anti-lymphoma  antisera  has  been  used  in  an  approach  to 
receptor  isolation.  Over  50  clones  of  antibody  forming  cells  were  isolated 
whose  antibody  products  bound  to  the  surface  of  the  AKR  lymphoma,  KKT-2. 
Several  of  these  monoclonal  antibodies  were  characterized  as  to  the  number  of 
antibody  molecules  bound  per  cell  and  as  to  the  class  of  molecules  recognized 
on  the  cell  surface.  Three  monoclonal  antibodies  which  block  virus  binding 
convert  lymphoma  cells  from  the  phase  of  neoplastic  proliferation  to  small 
non-proliferative  cells  apparently  arrested  in  G  .  This  reversal  of  neoplastic 
proliferation  can  be  prevented  by  preincubating  the  cells  with  viruses  which 
bind  most  specifically  to  their  receptors,  but  not  by  viruses  which  bind  less 
avidly  to  their  receptors.  Hybridoma  produced  monoclonal  antibodies  directed 
against  T  cell  surface  molecules  were  used  in  a  search  for  antibodies  directed 
against  receptor  moieties;  and  to  develop  an  U)   vitro  assay  for  the  specificity 
and  relative  purity  of  biochemically  and  biophysical ly  isolated  cell  surface 
molecules  bearing  receptor  activity  for  the  inducing  T-MuLV's.  A  monoclonal 
antibody  was  found  which  blocked  virus  binding,  inhibited  T  lymphoma  cell 
growth,  and  recognized  determinants  on  all  T  cells  as  well  as  some  classes 
of  immunoglobulin.  This  antibody  reacts  with  a  previously  unrecognized 
determinant  on  the  Thy-1  molecule,  and  also  with  a  cross-reactive  antigenic 
determinant  on  the  variable  region  of  a  few  mouse  immunoglobulins.  One  mono- 
clonal antibody  has  been  found  that  reacts  with  all  murine  viruses  tested 
as  well  as  feline  leukemia  virus  and  thus  appears  to  recognize  a  widely  con- 
served determinant. 

3.  Detection  of  Retroviral  Information  in  Human  Tissues.  Previously  reported 
studies  have  indicated  that  antibodies  binding  to  SSV(SSAV)gp70  exist  in  man; 


1300 


and  furthermore,  that  the  antibodies  are  directed  primarily  against  a  broadly 
cross-reacting  determinant  of  the  glycoprotein.  In  further  studies  to  determine 
the  significance  of  this  reaction  it  was  found  that  the  concentration  of  bovine 
serum  albumin,  used  in  the  reaction,  is  a  critical  factor.  Substances  as  di- 
verse as  normal  components  of  serum,  extracts  of  bacteria,  and  even  nonprotein 
molecules  such  as  glycogen  also  shared  the  oncoviral  glycoprotein  determinants 
recognized  by  normal  human  sera.  It  was  determined  that  immunoprecipitation 
of  a  given  viral  glycoprotein  by  human  sera  was  entirely  dependent  upon  the 
cell  in  which  the  virus  was  grown.  Human  sera  specifically  did  not  recognize 
glycoproteins  purified  from  oncoviruses  grown  in  human  or  higher  primate  cells. 
These  findings  demonstrate  that  the  antibodies  were  directed  against  cellular 
rather  than  the  virus-coded  antigenic  determinants,  and  that  this  immune  re- 
sponse was  not  elicited  as  a  consequence  of  oncovirus  infection  in  man. 

Sera  from  humans  naturally  exposed  to  FeLV  indicate  some  people  have  antibody 
to  FOCMA  antigen.  The  predominant  immunoglobulin  in  the  FOCMA  positive  human 
sera  is  IgM. 

Monoclonal  hybridoma  antibodies  have  been  prepared  and  used  to  develop  a  radio- 
immune  assay  for  the  viral  p28  of  the  putative  human  virus  SU-DHL-1.  Serum 
from  the  patient  whose  tumor  yielded  the  SUDHL-1  cell  line  competed  against 
the  binding  of  the  antibody  to  the  viral  p28.  This  provides  further  evidence 
that  this  putative  human  virus  is  not  a  laboratory  contaminant. 

4.  Studies  Related  to  Cancer  Prophylaxis.  Several  different  approaches  are 
under  way  in  an  effort  to  prevent  viral  induced  cancer  in  cats  by  immunological 
means.  One  study  used  young  cats  vaccinated  with  live  or  inactivated  FL74 
cells,  and  challenged  with  feline  sarcoma  virus  (FeSV).  When  compared  with 
controls  vaccinated  with  normal  cat  fibroblasts,  FL74  immunized  cats  exhibited 
increased  resistance  to  FeSV-induced  tumor  appearance  and  to  subsequent  primary 
tumor  progression  and  secondary  tumor  spread.  Immunization  with  a  freeze-thawed 
mixture  of  4  individual  cat  tumors  did  not  confer  greater  resistance  than  that 
obtained  with  FL74  cells  alone.  Vaccination  with  dead  FL74  cells  £er  se  did 
not  induce  antibody  to  FOCMA,  though  this  antibody  was  readily  detectedin  cats 
immunized  with  live  cells  and  it  appeared  following  an  episode  of  transient 
viremia  9  to  18  days  after  live  FL74  injection.  Following  FeSV  challenge,  cats 
which  succumbed  to  tumors  failed  to  develop  FOCMA-antibody,  but  tumor  resistant 
cats  developed  high  antibody  titers.  Infectious  FeLV  was  detected  in  the  blood 
of  all  cats  following  challenge  with  oncogenic  FeSV,  but  the  duration  and  magni- 
tude of  the  viremia  was  significantly  reduced  in  cats  previously  vaccinated  with 
live  freeze-thawed,  or  paraformaldehyde  fixed  cells.  Vaccination  of  kittens 
with  an  FL74  cell  soluble  membrane  immunogen  did  not  protect  against  challenge 
with  FeSV.  This  failure  of  protection  was  apparent  even  in  kittens  in  whom  the 
vaccine  induced  good  titers  of  FOCMA  antibody.  SPF  cats  immunized  with  feline 
leukemia  vaccine  prepared  from  shed  FOCMA  and  viral  antigen  elicited  high  titer 
antibodies  to  FOCMA.  In  addition,  the  vaccinates  developed  antibodies  to  FeLV 
virion  proteins  (gp70,  p27,  pl5).  Soluble  FeLV  vaccine  emulsified  in  complete 
Freund's  adjuvant  protected  80%  of  the  cats  from  FeLV  disease. 

Studies  are  in  progress  to  determine  the  nature  of  the  protective  FOCMA  anti- 
bodies. One  study  has  shown  that  most  serum  reagents  contain  antibody  to 
FeLV  gp70,  FeLV  p27  and  FeLV  pl5,  suggesting  that  absorption  of  reference 
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serum  with  FeLV  proteins  is  necessary  to  produce  FOCMA  specific  antiserum. 
Another  study  has  demonstrated  a  polyprotein  with  serological  activity  for 
FOCMA  in  an  SDS  gel  system,  using  cloned  FeSV  transformed  cells.  This  protein 
(FOCMA-S)  also  has  antigens  of  FeLV  pl5  and  pl2  but  no  other  virus  structural 
protein.  FOCMA-S  of  approximately  120,000  daltons  was  demonstrated  to  be  an 
integral  membrane  protein  (i.e.  embedded  in  the  lipid  bi layer)  which  resists 
treatment  by  sonication,  a  wide  range  of  pH  (3  to  11),  high  salt,  EDTA,  or 
urea  without  dissocation  from  the  membrane.  The  FOCMA-S-pl20  appears  to  be 
either  transported  to  the  membrane  rapidly  or  made  at  or  near  the  membrane 
since  little  or  none  is  found  in  the  cytosol  fraction.  Using  standard  proce- 
dures membrane-associated  FOCMA  was  not  found  to  have  protein  kinase  activity. 
No  evidence  was  found  that  FOCMA  is  glycosylated.  The  examination  of  serum 
samples  from  viremic  cats  exposed  to  FeLV  revealed  that  some  have  antibody  to 
FOCMA-S  in  the  absence  of  antibody  to  FOCMA-L  (a  designation  for  the  antigen 
on  lymphoma  cells).  This  is  true  even  though  viremic  cats  rarely  if  ever  have 
antibody  to  only  FOCMA-L  in  the  absence  of  antibody  to  FOCMA-S.  Thus,  while 
FOCMA-L  and  FOCMA-S  appear  to  share  a  major  cross-reactive  antigen,  it  appears 
that  FOCMA-S  might  also  have  a  "sarcoma-specific"  antigenic  determinant. 

Passive  immunization  of  newborn  Lake  Casitas  (LC)  wild  mice  with  goat  antisera 
having  a  high  titer  to  ecotropic  virus,  but  only  a  low  titer  to  amphotropic 
virus  slightly  reduced  the  incidence  of  natural  lymphoma  and  completely  pre- 
vented paralysis.  Other  tumors  occurred  with  equal  incidence  rates  in  the 
immunized  and  control  mice.  Active  and  passive  immunization  against  indig- 
enous MuLV  did  not  reduce  the  incidence  of  3-MC  sarcoma  induction  in  wild 
mice;  in  several  separate  experiments,  antiviral  IgG  appeared  to  enhance 
chemical  carcinogenesis.  Chemical  tumorigenesis  in  wild  mice  is  apparently 
not  dependent  upon  expression  of  infectious  MuLV. 

Two  dominant  cancer  gene  families,  one  with  familial  colon  polyposis  (FCP)  and 
one  with  the  Gardner's  syndrome  (GS)  variant  of  this  disorder  were  selected  for 
intensive  study.  Fibroblast  cultures  were  established  from  skin  biopsies  of 
three  generations  in  each  of  these  families.  Titration  assays  for  transforma- 
tion with  Kirsten  murine  sarcoma  virus  (KiMSV)  were  performed  "blindly"  by  the 
end-point  dilution  method  on  coded^cells.  The  transformation  efficiency  of 
GS  and  FCP  cells  was  3  x  10  to  10  times  higher  than  controls.  This  was  not 
caused  by  differences  in  virus  infectivity  but  reflected  susceptibility  at  the 
host  genome  level.  These  results,  which  have  been  independently  confirmed, 
indicate  that  virus  transformation  assays  may  offer  a  means  for  detection  of 
those  family  members  at  risk  and  the  initiation  of  preventive  measures  before 
the  onset  of  the  neoplastic  process. 
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CONTRACT  REPORTS 
.   RNA  VIRUS  STUDIES 
Dr.  Mina  Lee  Vernon 

AGRICULTURE,  DEPARTMENT  OF  (Y01-CP4-0214) 

Title:  Inheritance  and  Oncogenicity  of  RNA  Tumor  Viruses 

Contractor's  Project  Director:  Dr.  Lyman  B.  Crittenden 

Project  Officer  (NCI):  Dr.  John  R.  Stephenson 

Objectives:  These  studies  make  use  of  inbred  chicken  lines  to  define  the 
genes  involved  in  controlling  expression  of  the  infectious  endogenous  type  C 
RNA  chicken  viruses  (RAV-0)  and  will  determine  whether  the  RAV-O  virus  is 
oncogenic. 

Major  Findings:  Eleven  endogenous  viral  loci  have  been  defined  by  restric- 
tion enzyme  analysis.  A  12th  locus  appears  to  be  associated  with  complete 
subgroup  E  virus  production  and  is  now  being  defined  more  fully.  Eight  of 
the  12  loci  occur  in  the  RPRL  lines  and  the  second  generation  of  back-cross 
matings  is  being  made  to  produce  congenic  lines  with  each  of  these  loci 
segregating.  Five  of  the  8  loci  are  associated  with  complete  subgroup  E 
virus  production.  Three  of  the  viruses  produced  appear  to  be  different  from 
each  other  and  all  five  are  being  defined.  Potentially,  there  are  five 
endogenous  viral  loci  each  coding  for  a  different  subgroup  E  virus. 

Almost  50  progeny  of  matings  that  may  produce  chickens  lacking  all  endogenous 
viral  loci  have  been  produced.  Of  20  progeny  tested  to  date,  three  are 
negative. 

Studies  on  the  role  of  endogenous  viral  loci  on  oncogenesis  by  exogenous 
oncogenic  viruses  are  in  progress.  Preliminary  results  suggest  that  chickens 
lacking  the  endogenous  viral  ev-3  are  more  susceptible  to  a  non-neoplastic 
disease  syndrome  induced  by  RAV-1  than  those  with  ev-3. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  It 
is  increasingly  apparent  that  many  vertebrates,  including  primates,  carry 
information  for  complete  RNA  tumor  virus  expression,  including  oncogenic 
potential,  in  their  genomes.  The  endogenous  origin  of  this  viral  information 
changes  our  concepts  of  the  control  of  at  least  some  types  of  cancer  from 
those  methods  which  eliminate  or  control  exogenous  viruses  to  mechanisms  which 
can  suppress  endogenous  viral  information.  These  studies  provide  another 
experimental  system,  in  addition  to  the  mouse,  where  the  genes  controlling 
production  of  the  endogenous  type  C  virus  will  be  defined. 

Proposed  Course:  This  interagency  agreement  will  terminate  September  30, 
1980. 
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Date  Contract  Initiated:  July  1,  1974 
Current  Annual  Funding:  $55,000 

CALIFORNIA,  UNIVERSITY  OF,  LOS  ANGELES  (N01-CP9-1010) 

Title:  Identification  of  Cell  Surface  Receptor  for  Oncornavirus  gp70  on 
Murine  Fibroblasts 

Contractor's  Project  Director:  Dr.  C.  Fred  Fox 

Project  Officer  (NCI):  Dr.  Mina  Lee  Vernon 

Objectives:  To  obtain  sufficient  quantities  of  purified  gp70  receptor  for 
biochemical  characterization  and  production  of  specific  antiserum. 

Major  Findings:  The  contractor  isolated  from  the  A31  clone  of  BALB/c  3T3 
fibroblasts  a  protein,  BPgp70  (gp70  binding  protein),  which  on  preliminary 
characterization  had  the  properties  of  the  gp70  receptor  on  these  cells. 
An  affinity  column  eluate  contained  activity  which  inhibited  the  binding  of 
gp70  to  BALB/c  3T3  cells  when  incubated  with  gp70,  but  not  with  cells  which 
bind  gp70.  This  eluate  was  later  shown  to  contain  a  contaminant.  Additional 
purification  yielded  a  protein  fraction  (BPgp70)  which  is  homogeneous  on  SDS 
gel  electrophoresis.  Since  this  protein  fraction  was  isolated  from  the  culture 
medium  used  to  grow  BALB/c  3T3  cells,  tests  were  performed  to  distinguish 
between  this  protein  being  of  cellular  origin  vs.  its  being  derived  from  medium 
components  used  for  the  growth  of  the^cells.  In  this  test,  cells  were  grown 
for  4  doublings  in  medium  containing  H-L-leucine.  The  bulk  cellular  proteins 
were  processed,  and  the  putative  BPgp70  receptor  fraction  was  isolated  to 
homogeneity  by  SDS  acrylamide  gel  electrophoresis  and  also  processed,  for  the 
determination  of  specific  radioactivity  per  mg  of  protein.  The  metabolically 
labeled,  3H-BPgp70  was  found  to  bind  avidly  to  gp70  using  a  test  based  on  gp70 
immune-precipitation.  This  test  yielded  a  Kd  for  the  3H-BPgp70'gp70  complex 
of  approximately  5  x  10"^M,  a  value  well  within  range  of  estimates  of  the 
affinity  of  gp70  binding  to  its  cell  surface  receptor  on  BALB/c  3T3  cells. 
This  protein  was  a  potent  inhibitor  of  gp70  binding  to  target  BALB/c  3T3 
cells,  giving  an  inhibition  ofgapproximately  50%  at  30  nM  BPgp70  where  the 
gp70  concentration  was  5  x  lO'  M.  The  association  of  BPgp70  to  gp70  giving 
rise  to  inhibition  of  gp70  binding  to  cells  was  demonstrated  to  be  totally 
reversible,  an  indication  that  BPgp70  does  not  render  gp70  inactive  by  enzymic 
process,  e.g.,  through  hydrolase  action.  The  putative  receptor  (BPgp70)  was 
also  observed  to  bind  to  cells  infected  with  Rauscher  murine  leukemia  virus, 
but  not  to  uninfected  cells.  Preliminary  characterizations  of  gp70  binding 
to  a  variety  of  clonal  murine  cell  lines  indicates  that  those  which  can  bind 
RMuLV-gp70  may  do  so  to  different  extents  and  with  different  affinities. 
Though  binding  of  murine  gp70  to  human  cells  was  observed  less  commonly, 
there  are  preliminary  indications  it  does  occur  to  some  tumor  lines. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Infection  with  oncornaviruses  may  lead  to  malignant  transformation  in  many 
animal  species;  prevention  of  infection  can  thus  prevent  the  development 
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of  malignancy.  It  has  been  determined  that  the  gp69/71  of  the  virion  is 
the  virus  receptor  molecule;  specific  antibody  to  this  protein  may  prevent 
development  of  cancer.  However,  the  cooperating  cellular  receptor  molecule 
has  not  been  definitively  identified.  Information  relevant  to  the  virus-cell 
interaction  is  basic  to  determining  the  complete  course  of  events  leading  to 
malignant  transformation. 

Proposed  Course:  This  contract  will  continue. 

Date  Contract  Initiated:  November  15,  1978 

Current  Annual  Funding:  $92,410 

COLUMBIA  UNIVERSITY  (N01-CP7-1055) 

Title:  Physical  and  Biochemical  Mapping  of  the  Integration  Sites  of  Avian 
Sarcoma  Virus 

Contractor's  Project  Director:  Dr.  Ramareddy  V.  Guntaka 

Project  Officer  (NCI):  Dr.  John  R.  Stephenson 

Objectives:  To  study  the  integration  of  avian  sarcoma  virus  (ASV)  DNA 
in  permissive  and  nonpermissive  eukaryotic  cell  genomes  by  identifying 
the  chromosome(s)  on  which  the  ASV  genome  is  integrated  and  to  isolate 
the  nucleotide  sequences  that  flank  the  integrated  genome. 

Major  Findings:  The  contractor  has  applied  restriction  enzyme  maps  for 
unintegrated  viral  DNA  to  studies  on  the  sites  of  integration  of  avian  sar- 
coma virus  (ASV)  genomes  in  chick  cells  and  ASV  induced  rat  tumor  cells  (XC). 
The  results  were  summarized  as  follows:  (1)  At  least  3  or  4  out  of  20  copies 
are  tandemly  integrated  as  deduced  by  the  generation  of  unit  length  fragments 
of  ASV  upon  digestion  with  Kpnl,  which  cleaves  at  only  one  place.  (2)  The 
two  sites  where  Sad  cleaves  the  ASV  genome  is  (a)  between  the  C  and  src 
regions  and  (b)  between  the  gag  and  pol  genes.   (3)  In  some  copies,  one  of 
the  BamH  I  sites  is  lost  and  a  new  EcoRI  site  is  acquired  in  the  2.4  Md  frag- 
ment to  give  rise  to  two  fragments  of  1.5  and  0.9  Md.  Whether  this  is  due 
to  deletion  or  point  mutations  has  yet  to  be  determined.   (4)  There  are  at 
most  two  or  three  copies  of  ASV  in  XC  cells  which  are  deleted  in  the  Src 
region.  (5)  More  than  90%  of  the  viral  genome  equivalents  in  XC  cells  are 
modified  by  methylation  of  the  cytosine  residue  (5-methylcytosine).  This 
raised  a  new  problem  using  anti-5-methyl cytosine  antibody  in  the  localization 
of  viral  DNA  copies  at  chromosomal  level.  One  particular  chromosome  stains 
very  faintly  with  Giemsa.  The  possibility  that  this  pale  region  may  be  due 
to  ribosomal  genes  was  ruled  out.  Whether  the  amplified  region  is  due  to 
viral  DNA  sequences  is  yet  to  be  determined.   (6)  Cloned  Hindlll  fragments 
of  ASV  genome  have  been  cloned  to  use  as  probes  for  hybridization  and  to 
study  the  possible  regulatory  signals  in  gene  expression.  A  radiolabeled 
Hindlll  2  Md  fragment  was  useful  in  determining  the  acquisition  of  a  new 
EcoRI  site.  (7)  Efforts  are  being  made  to  clone  virus-cell  junction  fragments 
which  required  enrichment  of  the  XC  cell  DNA  for  viral  sequences  by  the  R-loop 
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method.  (8)  Work  on  ribosomal  genes  using  restriction  enzymes  Hhal,  Hpall  and 
Mspl  indicate  that  the  amplified  ribosomal  genes  are  also  methylated  in  the 
cytosine  residue. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Oncogenic  viruses  interact  with  cells  at  several  levels;  the  intracellular 
microenvironment  at  the  particular  site(s)  of  interaction  may  influence  the 
outcome  of  the  infectious  process.  For  example,  integration  of  the  viral 
genome  in  the  cellular  DNA  at  particular  sites  may  determine  whether  viral 
replication  proceeds  and/or  the  cell  tranforms.  This  project  to  examine  the 
interactions  between  genomes  of  eukaryotic  cells  and  oncogenic  viruses  may 
identify  the  basic  reactions  of  cell  regulation  which  are  deranged  by  the 
virus  resulting  in  transformation  to  malignancy  or  which  control  expression 
of  viral  genetic  information. 

Proposed  Course:  This  contract  will  terminate  September  14,  1980. 

Date  Contract  Initiated:  September  15,  1977 

Current  Annual  Funding:  $0  for  FY  80 

CORNELL  UNIVERSITY  (N01-CP9-10Q7) 

Title:  Immunoprevention  of  Cancer  in  Cats 

Contractor's  Project  Director:  Dr.  Fernando  de  Noronha 

Project  Officer  (NCI):  Dr.  Mina  Lee  Vernon 

Objectives:  To  determine  the  nature  of  autogenous  immunity  to  feline  leukemia 
virus  (FeLV)  and  feline  oncornavirus  associated  antigen  (FOCMA)  and  correlate 
findings  with  natural  disease  occurrence;  conduct  detailed  studies  of  immune 
responsiveness  of  specific  pathogen-free  (SPF)  cats  during  vaccination  with 
FL74  cell  membrane  fractions  and/or  purified  FOCMA;  conduct  immunosurveil lance 
of  humans  exposed  to  FeLV  and  attempt  to  transform  feline  fibroblast  cells 
with  nonviral  agents. 

Major  Findings:  Young  cats  (3-6  months  old)  were  challenged  with  oncogenic 
feline  sarcoma  virus  (FeSV)  following  varied  protocols  of  vaccination  with 
live  or  inactivated  FL74  cells,  a  cat  lymphoma  cell  line  which  replicates  FeLV. 
When  compared  with  controls  vaccinated  with  normal  cat  fibroblasts,  FL74  im- 
munized cats  exhibited  increased  resistance  to  FeSV-induced  tumor  appearance 
and  to  subsequent  primary  tumor  progression  and  secondary  tumor  spread.  For 
vaccination,  FL74  cells  inactivated  by  gluteraldehyde,  paraformaldehyde,  or 
freeze-thawed  mixture  of  4  individual  cat  tumors  did  not  confer  greater  resist- 
tance  than  that  obtained  with  live  cells  or  with  a  low  dose  of  freeze-thawed 
cells.  Immunization  with  a  freeze-thawed  mixture  of  4  individual  cat  tumors 
did  not  confer  greater  resistance  than  that  obtained  with  FL74  cells  alone. 
Vaccination  with  dead  FL74  cells  £er  se  did  not  induce  antibody  FOCMA,  though 
this  antibody  was  readily  detected  in  cats  immunized  with  live  cells  and  it 
appeared  following  an  episode  of  transient  viremia  9  to  18  days  after  live  FL74 
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injection.  Following  FeSV  challenge  cats  which  succumbed  to  tumors  failed  to 
develop  FOCMA-antibody  but  tumor  resistant  cats  developed  high  antibody  titers. 
Antibodies  to  FOCMA  appeared  to  be  directed  to  a  variety  of  tumor  specificities 
exhibited  by  different  feline  lymphoma  target  cell  lines.  Infectious  FeLV  was 
detected  in  the  blood  of  all  cats  following  challenge  with  oncogenic  FeSV,  but 
the  duration  and  magnitude  of  the  viremia  was  significantly  reduced  in  cats 
previously  vaccinated  with  live,  freeze-thawed,  or  paraformaldehyde  fixed  cells. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  In  the 
cat,  tumors  induced  by  FeLV  and  FeSV  express  a  cell  surface  antigen  designated 
"feline  oncornavirus-associated  cell  membrane  antigen"  (FOCMA).  Analysis  of 
anti-FOCMA  titers  in  sera  of  virus-exposed  cats  has  suggested  that  development 
of  antibody  directed  against  FOCMA  may  constitute  an  immunosurveillance  defense 
against  tumor  development.  Recently,  FOCMA  has  been  shown  to  be  distinct  from 
all  known  FeLV-coded  structural  proteins  and  has  been  demonstrated  in  spon- 
taneous lymphomas  of  cats  even  in  the  absence  of  detectable  levels  of  FeLV 
structural  proteins.  Moreover,  FOCMA  has  been  shown  to  be  expressed  in  FeSV- 
transformed  cells  in  the  form  of  a  precursor  containing  two  amino  terminal 
FeLV  structural-proteins.  These  findings  demonstrate  FOCMA  to  represent  a 
transformation-specific  FeSV-coded  protein  and  suggest  that  activation  of 
cellular  gene  coding  for  a  protein  analogous  to  FOCMA  may  represent  a  general 
mechanism  for  tumor  induction  in  the  cat. 

Proposed  Course:  This  contract  will  continue. 

Date  Contract  Initiated:  November  1,  1978 

Current  Annual  Funding:  $177,146 

DUKE  UNIVERSITY  (N01-CP3-3308) 

Title:  Expression  of  the  RNA  Tumor  Virus  Genome  in  Animal  and  Human  Malignant 
Cells 

Contractor's  Project  Director:  Dr.  Dani  P.  Bolognesi 

Project  Officer  (NCI):  Dr.  Mina  Lee  Vernon 

Objectives:  (1)  To  study  in  detail  the  properties  of  structural  components 
of  RNA  tumor  virus  particles,  particularly  those  of  mammalian  RNA  tumor 
viruses.  (2)  To  utilize  these  materials  for  preparation  of  highly  specific 
antisera  which  can  be  applied  to  the  analysis  of  cells  for  the  presence  of 
similar  virus  gene  products.  (3)  To  develop  appropriate  antisera  which  can 
be  employed  for  detection  and  identification  of  tumor  virus  activities  in 
human  malignant  cells.  (4)  To  use  purified  structural  viral  proteins  and  the 
corresponding  antisera  for  possible  immunological  control  of  viral  disease.  ' 

Major  Findings: 

Primate  oncovirus  studies.   In  an  effort  to  determine  how  primate  oncoviruses 
mediate  their  oncogenic  potential  the  contractor  initiated  studies  designed  to 
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detect  transformation  specific  products  using  specific  antisera  against  simian 
sarcoma  virus  (SSV)  transformed  cells.  To  prepare  an  autologous  antiserum 
against  SSV  non-producer  cells  (SSV-NP  cells),  goat  fibroblasts  from  a  biopsy 
specimen  were  infected  with  SSV/SSAV  and  non-producer  clones  isolated.  One  of 
these  transformed  clones  was  propagated  in  autologous  goat  serum  and  inoculated 
into  the  same  goat. 

Characterization  of  the  respective  antiserum  by  radioimmunoprecipitation 
(RIP)  showed  specific  reactivity  against  a  high  molecular  weight  glycoprotein 
(apparent  molecular  weight  of  at  least  400,000  daltons).  This  material 
was  found  only  in  association  with  SSV  transformed  cells  but  could  not  be 
precipitated  by  sera  raised  against  SSV  p30,  SSV  gp70,  SSV  plO  or  disrupted 
SSV/SSAV.  The  serum  also  detected  a  component  with  a  molecular  weight  of 
about  65,000  daltons  (p65).  This  molecule  contains  some  £§2  gene  coded 
information  and  can  be  precipitated  by  antisera  directed  against  SSV/SSAV 
structural  proteins.  P65  is  found  in  SSV  as  well  as  GaLV  transformed  cells, 
is  located  at  the  cell  surface,  and  probably  serves  as  a  cytotoxic  target. 
The  possibility  that  the  high  molecular  weight  glycoprotein  and  p65  are 
transformation  specific  products  associated  with  primate  retroviruses  will 
be  explored  further. 

Studies  with  human  malignant  cells.  In  a  collaborative,  blind-coded  study, 
the  earlier  reports  of  Kurth  and  colleagues  were  confirmed  indicating  that 
antibodies  binding  to  SSV(SSAV)gp70  do  exist  in  man;  and  furthermore,  that 
the  antibodies  are  directed  primarily  against  a  broadly  cross-reacting 
determinant  of  the  glycoprotein  (i.e.,  similar  reactions  were  noted  with 
purified  MuLV([Friend]gp71). 

In  further  collaborative  studies  to  determine  the  significance  of  this  reaction, 
the  contractor  found  that  the  concentration  of  bovine  serum  albumin,  utilized 
as  a  carrier  protein,  is  a  critical  factor  in  determining  whether  a  given  human 
serum  registered  as  positive.  Substances  as  diverse  as  normal  components  of 
serum,  extracts  of  bacteria,  and  even  nonprotein  molecules  such  as  glycogen 
also  shared  the  oncoviral  glycoprotein  determinants  recognized  by  normal  human 
sera.  It  was  determined  that  immunoprecipitation  of  a  given  viral  glycoprotein 
by  human  sera  was  entirely  dependent  upon  the  cell  in  which  the  virus  was 
grown.  Human  sera  specifically  did  not  recognize  glycoproteins  purified  from 
oncoviruses  grown  in  human  or  higher  primate  cells.  These  findings  not  only 
demonstrate  that  the  antibodies  were  directed  against  cellular  rather  than 
the  virus-coded  antigenic  determinants,  but  also  exclude  the  possibility 
that  this  immune  response  was  elicited  as  a  consequence  of  oncovirus  infection 
in  man. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  Although 
human  leukemias  or  other  tumors  are  not  known  to  be  associated  with  replicating 
RNA  tumor  viruses,  one  cannot  exclude  the  possibility  that  virus  genes  exist 
in  human  cancer  cells  and  are  expressed  as  discrete  antigens  on  the  cell  sur- 
face in  a  fashion  similar  to  that  in  animal  cells.  This  study  has  shown  that 
if  indeed  this  does  occur  unequivocable  detection  of  the  viral  antigens  on 
human  cells  may  be  an  exceedingly  difficult  task  to  accomplish.  Even  so, 
there  is  considerable  evidence  that  many  other  aspects,  particularly  the 
immunological  consequences  of  animal  and  human  leukemias,  are  distinctly 
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related.  Therefore,  an  understanding  of  the  immunological  mechanisms  in 
the  animal  models  which  are  of  key  importance  for  host  defense,  coupled 
with  protocols  to  artifically  stimulate  those  leading  to  effective  prevention 
and  control  of  the  disease,  is  of  value  to  reach  a  better  understanding  of 
related  events  in  human  cancer. 

Proposed  Course:  This  contract  will  continue  under  a  new  project  plan  and 
workscope  restricted  to  studies  of  passive  serum  therapy  of  AKR  leukemia.  The 
effort  has  been  ongoing  for  an  insufficient  period  for  a  meaningful  report. 

Date  Contract  Initiated:  March  1,  1973 

Current  Annual  Funding:  $207,910 

ENERGY,  DEPARTMENT  OF  (Y01-CP6-0500) 

Title:  NCI-ERDA  Viral  Carcinogenesis  Program:  Regulation  of  Gene  Expression 

Contractor's  Project  Director:  Dr.  Ray  A.  Tennant 

Project  Officer  (NCI):  Dr.  Charles  S.  Sherr 

Objectives:  To  study  the  regulation  of  tumor  virus  expression,  focusing 
on  molecular  mechanisms  in  induction  and  repression  of  tumor  virus  genomes. 
Emphasis  will  be  placed  on  defining  the  low  molecular  weight  RNA  components 
of  viruses  and  their  relation  to  cellular  RNAs. 

Major  Findings:  Procedures  were  developed  for  the  isolation  and  identifica- 
tion of  the  molecular  forms  of  viral  DNA  synthesized  early  after  retrovirus 
infection.  In  permissive  infections  of  BALB/c  or  NIH  Swiss  cells,  the  linear 
(form  III,  5.96  x  10°  dalton)  DNA  could  be  detected  by  4  hours  after  infection, 
followed  in  3-4  hours  by  form  I  (closed  circular)  DNA.  However,  infection  of 
NIH  cells  by  B-tropic  virus  showed  strong  inhibition  of  form  III  and  complete 
inhibition  of  form  I  DNA.  Infection  of  BALB/c  cells  by  N-tropic  virus  resulted 
in  the  appearance  of  form  III  DNA  at  levels  comparable  to  the  permissive  cells, 
but  show  complete  inhibition  of  form  I  DNA.  An  analysis  of  viral  DNA  forms 
in  a  variety  of  cells  with  various  Fv-1  alleles  indicate  that  there  are  two 
kinds  of  Fv-l"^  restriction.  One  represented  by  SME  and  RF  cells  show  inhibition 
of  form  III  and  form  I  DNA,  while  the  other  type  represented  by  DBA/2  and  C3H 
cells  show  inhibition  only  of  form  I  and  is,  therefore,  like  restriction  seen 
with  the  Fv-lt*  allele.  Abrogation  of  Fv-1  restriction  by  heat-treated  N-tropic 
virus  showed  the  appearance  of  form  I  DNA. 

In  addition,  progress  has  been  made  in  the  development  of  restriction 
endonuclease  maps  of  N-  and  B-tropic  viral  DNA  forms  with  the  intent  of 
identifying  any  differences  between  the  two  host  range  types  of  virus  and 
determining  the  specific  molecular  effect  of  the  Fv-1  restriction.  Studies 
are  continuing  on  the  i_n  vitro  endogenous  reverse  transcription  reaction 
mechanism  as  a  potential  site  of  restriction.  Procedures  have  been  developed 
to  achieve  ui  vitro  synthesis  of  unit  length  of  viral  DNA  in  the  endogenous 
reaction.  The  reaction  mechanism  is  being  further  characterized  and  will 
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be  used  to  test  the  in  vitro  effects  of  Fv-1  specific  cytoplasmic  RNA.  A 
similar  approach,  using  analysis  of  "strong  stop"  cDNA  failed  to  show  specific 
inhibition  by  either  cytosol  extracts  or  cytoplasmic  RNA  preparations. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  This 
project  is  focused  on  molecular  mechanisms  involved  in  viral  carcinogenesis. 
The  problem  is  being  investigated  in  terms  of  enzymology,  immunology,  cell 
biology,  and  control  of  gene  expression  primarily  in  the  mouse  leukemia 
system.  The  findings  are  being  carried  over  into  work  with  human  tumor  cells 
in  an  attempt  to  understand,  and  ultimately  deal  with,  the  problem  of  cancer 
in  man. 

Proposed  Course:  This  effort  will  continue  under  a  new  project  plan  and 
workscope  emphasizing  the  role  of  viral  gene  expression  in  carcinogenesis. 

Date  Contract  Initiated:  July  1,  1973 

Current  Annual  Funding:  $265,800 

ENERGY,  DEPARTMENT  OF  (Y01-CP7-0503) 

Title:  In  Vitro  Interaction  of  Chemical  Carcinogens  with  Primate  Cells: 

Relationship  to  Expression  of  Endogenous  Primate  or  Exogenous  Murine 
Viruses 

Contractor's  Project  Director:  Dr.  George  C.  Lavelle 

Project  Officer  (NCI):  Dr.  Stephen  R.  Tronick 

Objectives:  To  obtain  new  information  on  the  importance  of  the  expression 
of  oncornavirus  genes  in  chemically-induced  transformation  events  in  primate 
cells,  the  contractor  will  (1)  establish  an  in   vitro  transformation  assay 
system  utilizing  diploid  fetal  baboon  cells,  (2)  determine  if  chemical 
carcinogens  have  a  potentiating  effect  on  transformation  by  oncornaviruses 
in  primate  cells  and  correlate  such  transformation  with  the  expression  of 
baboon  endogenous  virus  and  (3)  determine  the  effect  of  chemical  carcinogens 
on  primate  cells  expressing  xenotropic  oncornavirus. 

Major  Findings:  Cultures  of  fetal  diploid  baboon  fibroblasts  treated  with 
5-bromodeoxyuridine  (BrdUrd)  synthesized  endogenous  type  C  viral  gag  gene 
product,  p28.  Cellular  immunofluorescence  studies  revealed  induction  of 
viral  p28  in  greater  than  10%  of  treated  cells  in  two  baboon  cell  lines. 
Radioimmunoassays  (RIA)  detected  p28  antigenic  specificities  indistinguishable 
from  those  of  purified  virus  (M7  strain  of  baboon  endogenous  virus,  BEV). 
However,  viral  RNA  dependent-DNA  polymerase  was  not  detected  in  culture 
fluids,  and  infectious  virus  was  not  recovered  by  cocultivation  with 
susceptible  heterologous  cells.  Extracellular  particles  containing  p28_ 
were  also  not  detected.  Normal  cultures  of  the  same  baboon  cells  exhibited 
endogenous  expression  of  a  glycoprotein  antigenically  related  to  BEV  gp70. 
Expression  of  this  glycoprotein  was  not  influenced  by  exposure  to  BrdUrd _ 
(there  was  a  marked  increase  after  exogenous  infection  with  BEV)  suggesting 
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to  the  contractor  differential  regulation  of  the  gag  and  env  gene-coded 
products. 

Baboon  cell  cultures  exogenously  infected  with  BEV  produced  extracellular 
particles  having  viral  p28  and  gp70  as  measured  by  RIA  of  culture  fluids. 
Virus-infected  cultures  expressed  about  0.01%  of  total  lysate  protein  as  p28, 
whereas  BrdUrd-treated  cultures  expressed  about  0.001%  of  their  protein  as 
p28.  Since  induced  cultures  have  about  10%  positive  cells  versus  close  to 
100%  for  infected  cultures,  p28  per  producing  cell  was  about  the  same  in  both 
cell  populations. 

By  immunoprecipitation  and  gel  electrophoresis,  infected  baboon  cells  were 
shown  to  synthesize  mature  viral  p28,  and  in  addition,  a  number  of  poly- 
proteins.  These  had  approximate  molecular  weights  of  30K  (one  polypeptide), 
35-45K  (3  polypeptides),  and  60-70K  (2  polypeptides).  They  are  not  found 
in  purified  virus  or  uninfected  cells. 

Based  on  these  results  the  contractor  concluded  that  (1)  endogenous  viral 
gag  gene  is  differentially  induced  by  exposure  to  BrdUrd,  (2)  gag  and  env 
gene-coded  products  are  differentially  expressed,  and  (3)  the  endogenous 
and  exogenous  viral  genomes  are  regulated  differentially. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  This 
project  was  directed  at  the  development  of  primate-derived  cell -virus  trans- 
formation assay  systems  in  order  to  provide  basic  data  on  the  potentiation 
by  endogenous  and  xenotropic  viruses  of  chemical  carcinogenesis  in  primates. 

Proposed  Course:  This  interagency  agreement  terminated  December  31,  1979. 

Date  Interagency  Agreement  Initiated:  November  1,  1977 

Current  Annual  Funding:  $0  for  FY  80. 

ENERGY,  DEPARTMENT  OF  (Y01-CP9-0503) 

Title:  Retroviral  Genetic  Expression  in  Human  Cancers:  Analysis  by  Primer 
tRNA  Binding  Approach 

Contractor's  Project  Director:  Dr.  Wen  K.  Yang 

Project  Officer  (NCI):  Dr.  Charles  J.  Sherr 

Objectives:  (1)  Isolation  of  poly(A)  RNAs  from  various  human  normal  and 
cancer  cells;  quantitative  and  qualitative  comparison  of  their  capacity 
to  bind  selective  tRNA  species;  assessment  of  the  primer  property  of  the 
bound  tRNAs  by  reverse  transcription  reaction;  and  determination  of  whether 
different  types  of  human  cancers  contain  poly(A)  RNA  of  different  tRNA 
binding  specificity.  (2)  Structure  analysis  of  tRNA  poly(A)  RNA  binding 
nucleotide  sequences,  as  well  as  reversely  transcribable  5'  end  sequences 
of  the  tRNA-binding  site  in  the  poly(A)RNA,  by  employing  nucleotide  sequence 
determination  and  molecular  hybridization.   (3)  Purification  of  the  specific 
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poly(A)RNAs  by  using  the  unique  "pifimer  tRNA"  binding  specificity.  (4)  Char- 
acterization of  the  specific  poly(A)RNAs,  including  messenger  RNA  activity 
by  protein  synthesis  assay,  and  possible  changes  of  level  during  neoplastic 
process. 

Major  Findings:  A  pilot  study  with  human  fibrosarcoma  cultured  cell  line 
HT1080  showed  promising  preliminary  results  of  the  tRNA  binding  approach 
but  also  indicated  technical  difficulties  such  as  the  requirement  of  large 
quantities  (-^   100  g)  of  cell  materials  and  aggregation  and  breakage  of 
poly(A)  RNA  molecules  by  phenol  extraction.  Thus  the  contractor  examined 
the  applicability  of  various  published  procedures  for  RNA  isolation  and 
obtained  a  modified  procedure  which  combines  the  use  of  magnesium  ion  pre- 
cipitation of  nucleoproteins  with  oligo-dT  cellulose  column  chromatography 
for  poly(A)  RNA  separation.  To  improve  the  sensitivity  of  specific  detec- 
tion of  RNA,  the  diazobenzyloxymethyl-(DBM-)  paper  transfer  procedure  of 
Alenine/Wahl/Stark  was  found  to  be  highly  satisfactory.  A  large  lot  of 
nitrobenzyloxymethyl  pyiridium  chloride  was  synthesized  for  this  purpose 
in  the  contractor's  laboratory. 

In  an  in  vitro  hybridization  reaction,  the  retroviral  genomic  RNA  and  ribo- 
somal  RNA  were  found  to  bind  selective  tRNA  species  and,  at  least  in  the  cases 
of  chicken  and  mouse,  the  binding  appears  to  involve  the  same  tRNA  molecules. 
Human  ribosomal  RNAs  selectively  bind  two  out  of  the  4  glutamic  acid  tRNA 
isoacceptors.  The  i_ri  vitro  formed  rRNA'tRNA  complexes  are  able  to  serve  as 
template-primer  for  DNA  synthesis  by  reverse  transcriptase.  "Strong-stop" 
type  of  DNA  products  was  observed.  DNA  synthesized  from  chicken  28S  rRNA 
was  about  150  base  long  but  its  nucleotide  sequence  structure  was  distinctly 
different  from  that  of  the  "strong-stop"  DNA  of  avian  myeblastosis  virus. 
Continued  characterization  by  sequence  analysis  of  "strong-stop"  DNA  is  in 
progress  with  rodent  and  human  rRNA'tRNA  interaction  to  determine  if  base 
sequences  adjacent  to  the  primer  binding  site  are  related.  For  the  planned 
work  with  human  breast  cancer  cells,  interaction  of  lysine  tRNA  and  genomic 
RNA  of  mouse  mammary  tumor  viruses  is  being  investigated. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  One 
of  the  objectives  of  the  Program  is  detection  of  tumor  viral  information  in 
human  cancer.  To  date,  partial  expression  of  retrovirus-like  information, 
but  rarely  complete  virus,  has  been  detected  in  human  leukemias,  breast  car- 
cinomas, and  melanomas,  as  well  as  normal  fibroblasts  and  placental  tissues; 
however,  only  partial  homology  to  retroviruses  of  other  species  has  been 
described.  This  project  offers  a  new  approach  to  the  detection  of  partial 
viral  information,  as  well  as  to  study  restriction  mechanisms  operative  in 
human  cells. 

Proposed  Course:  This  contract  will  continue. 

Date  Contract  Initiated:  February  1,  1979 

Current  Annual  Funding:  $202,400 
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HARVARD  COLLEGE  (N01-CP8-1004) 

Title:  Biological  Studies,  of  FOCMA  Expression:  Biochemical  Characterization 
of  FOCMA 

Contractor's  Project  Director:  Dr.  Myron  Essex 

Project  Officer  (NCI):  Dr.  Takis  S.  Papas 

Objectives:  (1)  Conduct  biological  experiments  to  characterize  feline  oncorna- 
virus cell  membrane  antigen  (FOCMA)  as  a  product  of  the  feline  sarcoma  virus 
(FeSV)  src  gene.  (2)  Conduct  biochemical  studies  to  characterize  FOCMA  as  a 
product  of  the  FeSV  src  gene. 

Major  Findings:  A  polyprotein  with  serological  activity  for  the  feline 
oncornavirus  associated  cell  membrane  antigen  (FOCMA)  was  demonstrated  in 
an  SDS  gel  system  using  cloned  FeSV  transformed  nonproducer  mink  cells. 
This  protein  (FOCMA-S)  also  has  antigens  of  feline  leukemia  virus  (FeLV)  pl5 
and  pl2  but  no  other  virus  structural  proteins.  FOCMA-S  of  approximately 
120,000  daltons  was  demonstrated  to  be  an  integral  membrane  protein  (i.e. 
embedded  in  the  lipid  bilayer)  which  sustains  treatment  by  sonication,  a  wide 
range  of  pH  (3  to  11),  high  salt,  EDTA,  or  urea  without  dissociation  from  the 
membrane.  The  F0CMA-S-pl20  appears  to  be  either  transported  to  the  membrane 
rapidly  or  made  at  or  near  the  membrane  since  little  or  none  is  found  in  the 
cytosol  fraction.  Using  standard  procedures  membrane-associated  FOCMA  was 
not  found  to  have  protein  kinase  activity.  If  any  is  present,  the  appro- 
priate substrate  remains  unknown.  The  possibility  that  autophosphorylating 
activity  might  be  present  has  not  been  ruled  out.  No  evidence  can  be  found 
that  FOCMA  is  glycosylated  using  numerous  techniques.  The  examination  of 
serum  samples  from  viremic  cats  known  to  be  exposed  to  FeLV  revealed  evidence 
that  some  have  antibody  to  FOCMA-S  in  the  absence  of  antibody  to  FOCMA-L 
(a  designation  for  the  antigen  on  lymphoma  cells).  This  is  true  even  though 
viremic  cats  rarely  if  ever  have  antibody  to  only  FOCMA-L  in  the  absence  of 
antibody  to  FOCMA-S.  Thus,  while  FOCMA-L  and  FOCMA-S  appear  to  share  a  major 
cross-reactive  antigen,  it  appears  that  FOCMA-S  might  also  have  a  "sarcoma- 
specific"  antigenic  determinant.  Cat  cells  transformed  with  chemicals 
(e.g.  DMBA)  lacked  FOCMA.  Several  other  species  of  "transformation-related" 
proteins  (other  than  FOCMA)  were  found  in  sSs-methionine  labeled  FeSV 
transformed  cells  and  will  be  further  characterized  in  future  studies. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Purification  and  characterization  of  oncornavirus  virion-associated  antigens 
has  proceeded  to  a  high  degree  of  sophistication  for  murine,  avian  and  feline 
oncornaviruses.  However,  the  product  of  the  src  gene,  presumably  the  "trans- 
forming protein"  which  is  thought  to  be  a  key  substance  required  for  malignant 
transformation  of  vertebrate  cells  by  viruses,  has  not  been  identified  bio- 
chemically or  immunologically.  FOCMA  antigen  is  perhaps  the  best  described 
tumor-specific  cell  surface  antigen  which  occurs  in  any  oncornavirus  system. 
It  has  the  additional  distinction  of  being  an  antigen  which  is  involved  in 
a  major  way  in  dictating  the  outcome  of  naturally  occurring  diseases  in  an 
outbred  animal  population.  The  information  obtained  in  such  work  may  be 
applicable  to  prophylaxis  against  other  animal  oncornaviruses  and  may  possibly 
have  particular  future  value  in  control  of  some  human  neoplastic  diseases. 
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Proposed  Course:  This  contract  will  continue. 
Date  Contract  Initiated:  September  29,  1978 
Current  Annual  Funding:  $148,000 

JACKSON  LABORATORY  (NQ1-CP3-3255) 

Title:  Natural  Occurrence  of  RNA  Tumor  Viruses  (Genomes)  and  Host-Gene 
Control  of  their  Expression 

Contractor's  Project  Director:  Dr.  Hans  Meier 

Project  Officer  (NCI):  Dr.  Stephen  J.  O'Brien 

Objectives:  The  primary  objective  of  this  contract  is  to  achieve  an  under- 
standing of  the  mechanisms  underlying  the  genetic  determination  of  suscep- 
tibility and  resistance  to  cancer  and  the  RNA  tumor  viruses.  The  Jackson 
Laboratory  is  a  unique  source  of  highly  inbred  mouse  strains.  These  are  used 
to  define  specific  gene  influences  on  type  C  RNA  virus/genome/tumor  expressions 
under  natural  conditions,  and  the  influence  of  environmental  and  other  factors 
(carcinogens,  aging)  on  host  gene  controls  of  oncogene  and  virus  expressions. 

Major  Findings:  Reduced  leukemia  incidence  in  HRS/J  -  hr/+  relative  to  hr/hr 
mice  may  be  due  to  enhanced  immune  responsiveness  to  viral  and  tumor  antigens. 

Congenic  AKR.  L-H-z'^/l  mice  bearing  the  H-2  haplotype  derived  from  the  C57L/J 
have  significant  delay  in  time  of  death  due  to  leukemia  relative  to  that  of 
AKR/J  -  H-2  mice.  This  may  be  due  to  an  observed  lower  production  of  highly 
leukemogenic  recombinant  virus(es)  and  a  stronger  cellular  response  to 
specific  antigens  relative  to  AKR/J. 

Genes  controlling  an  immunoglobulin  kappa-chain  marker  were  found  linked  to 
the  surface  alloantigen  Ly-3  on  T  lymphocytes. 

AKR/J  nude  streaker  mutants  have  decreased  virus  expression  compared  to  wild 
type  AKR/J  mice  which,  in  conjunction  with  the  absence  of  a  thymus,  leads  to 
a  lower  tumor  incidence. 

The  Sas-1  locus  controlling  an  antigenic  substance  in  murine  serum  was  locat- 
ed on  Chromosome  1;  the  gene  order  is  as  follows:  Id-1  -  Dip-1  -  Sas-1  -  Mis. 

Regression  of  MSV-induced  sarcomas  in  most  strains  of  mice  may  be  due  mainly 
to  cell-mediated  cytotoxicity.  Viral  interference  may  also  play  a  role. 

Intraci sternal  A  particles  (lAP)  have  been  identified  in  genetically  diabetic 

(db/db)  mice.  Apparently  the  db  gene  is  not  required  for  their  expression 

but  elevated  lAP  activity  may  be  produced  by  high  blood  glucose  and  insulin 
levels. 
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XenCSA,  an  xenotropic  virus-coded  cell  surface  antigen  on  lymphocytes  derived 
from  crosses  of  B6  and  D2  mice,  is  probably  under  multigenic  control  but  a 
single  semidominant  gene  exerts  a  major  influence  on  XenCSA  levels. 

The  xenotropic  murine  leukemia  virus  inducibility  gene  has  been  mapped  20 
centimorgans  distal  to  Pep-3  (Dip-1)  on  Chromosome  1. 

Non-thymic  (monocytiod)  leukemia  has  been  observed  in  the  BXH-2  RI  strain. 
B-tropic  and  dual  tropic  MuLVs  have  been  isolated  from  lymphoid  tissues  of 
there  mice.  The  BXH-2  dual  tropic  virus  is  both  B-tropic  and  induces  cyto- 
pathic  changes  in  mouse  fibroblast  (as  well  as  mink  lung  cell)  cultures. 

A  rabbit  type  C  virus  from  strain  WH/J  subject  to  lymphosarcoma  development 
has  been  isolated  and  partially  characterized. 

Sets  of  congenic  mice  are  being  developed  to  study  the  influence  of  specified 
genes  on  tumori genesis. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  It 
is  now  possible,  genetically,  to  ameliorate  cancer  in  a  mouse  by  breeding. 
By  identifying  the  genes  and  loci  involved  in  cancer  susceptibility  and  the 
immunological  and  physical  markers  associated  with  the  "high  cancer"  genes, 
it  is  now  possible  not  only  to  identify  the  highly  susceptible  animal,  but 
to  study  the  biochemical,  immunological  and  metabolic  mechanisms  controlled 
by  these  genes.  The  development  of  this  information  will  help  (1)  elucidate 
markers  to  identify  the  cancer-prone  individual;  (2)  determine  how  genes 
operate  in  regulating  the  natural  oncogene,  with  the  goal  of  correcting 
deficiencies  associated  with  the  switching  on  of  cancer  cells  in  susceptibles. 

Proposed  Course:  This  contract  will  continue. 

Date  Contract  Initiated:  May  2,  1967 

Current  Annual  Funding:  $400,000 

JOHNS  HOPKINS  UNIVERSITY  (N01-CP8-1053) 

Title:  Studies  on  the  Molecular  Biology  of  Oncornaviral  Proteins 

Contractor's  Project  Director:  Dr.  J.  Thomas  August 

Project  Officer  (NCI):  Dr.  John  R.  Stephenson 

Objectives:  To  purify  and  characterize  proteins  specific  to  oncovirus  trans- 
formed cells,  purify  and  characterize  virion  proteins  of  murine  endogenous 
xenotropic  oncoviruses,  and  study  endogenous  viral  expression  and  recombinant 
viruses. 

Major  Findings:  Monoclonal  antibodies  reactive  with  cell  surface  proteins 
of  Kirsten  sarcoma  virus  (Ki-SV)  transformed  BALE  3T3  cells  (BNP)  are  being 
prepared  and  characterized.   Spleen  cells  of  BALB/c  mice  immunized  with  BNP 
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cells  were  fused  with  NSI  mouse  myeloma  cells  and  the  resulting  cultures  were 
assayed  for  antibodies  that  bound  to  the  surface  of  BNP  cells.  At  this  time, 
25  stable  and  clonal  hybridomas  have  been  obtained  and  propagated  as  ascites 
cultures:  9  produce  IgM;  12,  IgG;  and  1,  IgE  or  IgA.  The  protein  targets 
of  some  of  these  monoclonal  antibodies  have  been  identified:  (1)  Proteins 
of  about  250,000,  57,000,  55,000  and  10,000  daltons  that  are  present  in  both 
normal  and  transformed  BALE  cells.  (2)  A  protein  of  32,000  daltons  that  is 
found  in  transformed,  but  not  normal  BALB  3T3  cells. 

The  study  of  proteins  of  110,000,  55,000  and  20,000  found  in  pseudotype  retro- 
virus particles  of  rodent  cells  has  continued.  (1)  The  110,000  and  55,000 
dalton  proteins  are  found  to  be  glucosylated  (gpllO  and  gp55).  (2)  All  3 
proteins  are  associated  with  the  cell  membrane.  (3)  Antisera  against  many 
rodent  viruses  are  found  to  react  with  the  gpllO  and  gp55  proteins;  only 
anti-KiSV  and  anti-VNRK  sera  react  with  p20.  (4)  gp55  has  been  purified  and 
competition  radioimmunoassay  shows  that  the  protein  is  present  in  a  variety 
of  mouse,  rat,  mink  and  human  cell  lines.  (5)  All  rat  and  mouse  retroviruses 
contain  gp55  at  concentrations  about  100-fold  greater  than  cells. 

Monoclonal  antibodies  against  NIH  xenotropic  virus  are  being  prepared,  and 
many  hybridoma  cultures  that  precipitate  proteins  of  70,000,  30,000  or  12,000 
to  15,000  daltons  have  been  obtained.  These  hybridomas  are  now  being  cloned. 

Monoclonal  antibodies  against  purified  Rauscher  gp69/71  are  also  being 
prepared.  Eight  clonal  cell  lines  have  been  obtained.  Seven  secrete  IgG 
and  one  IgM.  The  majority  of  the  antibodies  are  specific  for  Rauscher  MuLV 
and  thus  appear  to  recognize  a  type  specific  antigen  determinant.  Three  are 
reactive  with  different  classes  of  group  specific  determinants  and  one  was 
reactive  with  all  viruses  tested,  including  FeLV,  and  thus  recognizes  a 
widely  conserved  determinant. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  One  of 
the  principal  areas  of  interest  in  viral  oncology  is  the  identity  and  function 
of  viral-coded  transforming  proteins.  Procedures  have  been  developed  that 
enable  the  purification  under  nondenaturing  conditions  of  all  major  structural 
proteins  of  Rauscher  and  Gross  murine  oncornaviruses;  monospecific  antisera 
have  been  prepared  in  goats  against  each  thus  providing  valuable  reagents 
for  studies  in  the  structure,  function  and  expression  of  viral  proteins.  _ 
Preparation  of  similar  reagents  for  the  xenotropic  murine  viruses  and  primate 
viruses  is  important  for  extension  of  this  approach  to  these  important  viruses. 

Proposed  Course:  This  contract  will  continue. 

Date  Contract  Initiated:  September  1,  1978 

Current  Annual  Funding:  $256,860 

MASSACHUSETTS  GENERAL  HOSPITAL  (N01-CP7-1007) 
Title:  Sequencing  of  the  3'  End  of  RSV  35S  RNA 
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Contractor's  Project  Director:  Dr.  Paul  Zamecnik 

Project  Officer  (NCI):  Dr.  Charles  J.  Sherr 

Objectives:  By  means  of  oligonucleotide  primer-initiated  template  copying 
of  purified  35S  RNA  from  both  cloned  RSV  (Prague  strain,  subgroup  C)  and  AMV 
(BAI  strain  A)  with  purified  reverse  transcriptase  from  AMV,  the  contractor 
will  (1)  determine  the  sequence  of  100  or  more  nucleotides  adjacent  to  the 
poly(A)  sequence  at  the  3'  terminus  of  oncornavirus  35S  RNA  and  (2)  determine 
the  complete  nucleotide  sequence  at  the  5'  end  of  AMV  35S  RNA  from  the  site 
of  initiation  by  endogenous  primer  to  the  5'  terminus  of  the  viral  genome 
(approximately  100  nucleotides). 

Major  Findings:  The  3' -end  of  the  2.5±  million  molecular  weight  35S  RNA  of 
Rous  sarcoma  virus  (RSV)  was  shown  to  terminate  in  a  poly(A)  tail.  Further 
sequencing  efforts  at  the  3' -end  internal  to  the  poly(A)  piece  revealed  a 
21  nucleotide  stretch  of  RNA  bases  identical  to  a  stretch  of  21  bases  just 
internal  to  the  5' -cap  of  the  same  strand  of  35S  RNA,  some  8,000-9,000  nucleo- 
tides away  in  linear  distance.  It  was  concluded  that  these  complementary 
21  base  DNA  nucleotides  provided  the  "stickiness"  necessary  for  circularization. 
Efforts  were  then  made  to  interfere  with  the  mechanism  of  circularization  by 
incorporation  of  the  tridecamer  deoxyribonucleotide  d(AATG-GTAA-AATGG)  in  the 
culture  medium  to  act  in  competition  with  the  usual  viral  DNA  hybridization 
process.   In  chick  embryo  cell  cultures  newly  infected  with  RSV,  addition  of 
the  tridecamer  resulted  in  marked  inhibition  of  viral  replication  (95%)  at 
low  multiplicities  of  infection  and  repeatable  but  lesser  inhibition  of  viral 
replication  at  higher  multiplicities  of  infection.  Virus  replication  was 
assayed  by  reverse  transcriptase  activity  and  by  plaque  formation.  The 
tridecamer  did  not  interfere  with  cell  division  or  cause  any  observable 
cytotoxicity. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  A  key 
to  understanding  the  mechanism  of  replication  of  RNA  tumor  viruses  involves 
determination  of  the  nucleotide  sequences  at  both  the  5'  terminus  and  the  3' 
region  adjacent  to  the  terminal  poly(A)  segment  of  the  viral  genome.   Such 
sequence  analysis  has  provided  insight  into  the  structural  basis  for  forma- 
tion of  circular  intermediates  during  replication.  Ultimately,  knowledge  of 
the  primary  structure  at  both  the  5'  and  3'  ends  of  the  genome  may  indicate 
mechanisms  for  formation  of  a  provirus  structure  and  integration  of  the 
provirus  into  the  host  cell  genome  as  well  as  provide  possible  clues  to 
chemotherapeutic  approaches. 

Proposed  Course:  This  contract  terminated  March  31,  1980. 

Date  Contract  Initiated:  January  1,  1977 

Current  Annual  Funding:  $25,590 

MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY  (N01-CP5-3562) 

Title:   Studies  on  the  Leukemia  Virus  DNA  Polymerase  and  Terminal 
Deoxynucleotidyl  Transferase 
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Contractor's  Project  Director:  Dr.  David  Baltimore 

Project  Officer  (NCI):  Or,  Mina  Lee  Vernon 

Objectives:  (1)  Carry  out  a  detailed  analysis  of  DNA  polymerases  from  RNA 
tumor  virus  particles  and  from  normal  and  neoplastic  cells.  (2)  Study  the 
mechanism  of  double-stranded  DNA  synthesis  by  the  avian  myeloblastosis  virus 
DNA  polymerase  and  the  functions  of  the  subunits  of  the  enzyme  in  infected 
cells  and  variation  in  DNA  polymerases  in  various  stages  of  cell  growth. 

Major  Findings:  The  contractor  has  developed  an  increasingly  precise  under- 
standing of  how  the  DNA  polymerase  in  virions  of  retroviruses  (the  reverse 
transcriptase)  is  able  to  make  a  DNA  copy  of  the  viral  RNA.  The  minus  strand 
of  DNA  is  copied  from  the  viral  RNA  to  a  position  about  150  nucleotides  from 
the  5' -end  of  the  RNA.  The  plus  strand  of  DNA  is  initiated  at  a  position  600 
nucleotides  from  the  5' -end  of  the  minus  strand  DNA  and  then  transcribes  about 
20  nucleotides  of  the  tRNA  primer  that  is  covalently  attached  to  the  minus 
strand  DNA.  The  primer  binding  site  provides  a  homology  that  allows  this  600 
nucleotide  plus  strand  to  initiate  synthesis  of  full  length  plus  strand.  This 
600  nucleotide  long  plus  strand  is  called  "plus  strong  stop  DNA"  because  it 
appears  to  fulfill  the  same  function  as  the  minus  strong  stop  DNA.  Its  syn- 
thesis is  actinomycin  D-sensitive,  as  would  be  predicted  for  a  DNA  copied  from 
another  DNA,  and  is  found  in  a  double-stranded  complex  with  its  template. 

Gag  protein  mutants  were  isolated  from  a  cell  line  that  makes  only  £32  protein. 
Isolation  of  conditional  polymerase  mutants  is  planned.  Both  types  of  mutants 
will  be  used  to  further  analyze  the  details  of  reverse  transcription. 

In  other  experiments  the  use  of  liposomes  as  carriers  of  transfectious  DNA  has 
been  investigated.  The  structure  of  the  Abel  son  murine  leukemia  virus  genome 
has  been  determined  and  an  immunoprecipitation  assay  has  been  developed  for 
studying  the  rate  of  synthesis  of  terminal  deoxynucleotidyl  transferase. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  Funda- 
mental studies  on  oncogenic  virus  replication  are  necessary  to  define  the 
role  of  these  viruses  in  malignant  cell  transformation.  In   vitro  synthesis 
of  infectious  nucleic  acid  and  iji  vitro  translation  of  proteins  allows  first 
level  mechanistic  studies  which  can  logically  be  expected  to  provide  means 
for  controlling  the  infections  and/or  transforming  processes. 

Proposed  Course:  This  contract  terminated  May  31,  1980. 

Date  Contract  Initiated:  May  1,  1971 

Current  Annual  Funding:  $0  for  FY  80 

OHIO  STATE  UNIVERSITY  RESEARCH  FOUNDATION  (N01-CP9-1008) 
Title:  Immunoprevention  of  Cancer  in  Cats 
Contractor's  Project  Director:  Dr.  Richard  G.  Olsen 
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Project  Officer  (NCI):  Dr.  Mina  Lee  Vernon 

Objectives:  Determine  the.  efficacy  of  feline  oncornavirus-associated  cell 
membrane  antigen  (FOCMA)  vaccine  for  protection  of  SPF  kittens  against  feline 
leukemia  virus  (FeLV)  -induced  disease,  determine  the  immunosuppressive  prop- 
erties of  FeLV  virion  polypeptides,  determine  autogenous  immunity  of  cats  to 
various  FeLV  virion  antigens  and  FOCMA  and  conduct  immunologic  surveillance 
of  humans  exposed  to  feline  oncornaviruses. 

Major  Findings:  An  efficacious  feline  leukemia  vaccine  prepared  from  shed 
FOCMA  and  viral  antigen  from  FeLV  infected  lymphoblastoid  cells  has  been 
developed.  The  vaccine  material  was  recovered  in  milligram  quantities  in 
a  soluble  state  free  of  extraneous  proteins  (serum  free).  The  vaccination 
of  specific  pathogen  free  cats  with  the  soluble  FeLV  elicited  high  titer 
antibodies  to  FOCMA.  In  addition,  the  vaccinates  developed  antibodies  to 
FeLV  virion  proteins  (gp70,  p27,  pl5).  Soluble  FeLV  vaccine  emulsified  in 
complete  Freund's  adjuvant  protected  >80%  of  the  cats  that  were  challenged 
from  FeLV-induced  disease. 

Work  is  in  progress  to  biochemically  isolate  and  purify  FOCMA  protein  from 
this  mixture.  In  conjunction  with  the  purification  studies  a  sensitive 
method  (PAGE-fluorography)  has  been  developed  to  more  critically  analyze 
FOCMA  antibody  reference  reagent  for  the  ultimate  identification  of  FOCMA 
protein.  Using  serum  from  FeLV  viremic  cats  with  high  FOCMA  antibodies  the 
PAGE  fluorography  technique  shows  that  most  serum  reagents  contain  antibody 
to  FeLV-gp70,  FeLV-p27  and  FeLV-pl5.  This  method  shows  that  absorption  of 
reference  serum  with  FeLV  proteins  is  necessary  to  produce  FOCMA  specific 
antiserum. 

A  mixed  leukocyte  reaction  (MLR)  assay  was  demonstrated  in  the  cat  and  was 
shown  to  be  an  Jjn  vitro  correlate  of  cellular  immunity.  This  reaction  was 
inhibited  totally  by  FeLV  at  a  concentration  of  10  pg/well.  RD114  partially 
inhibited  the  MLR  of  10  pg/well. 

Normal  cats  were  shown  to  possess  circulating  short  lived  suppressor  T-lympho- 
cytes.  By  contrast,  viremic  cats  have  decreased  suppressor  cell  activity  as 
compared  to  normal  cats.  Work  is  in  progress  to  ascertain  the  role  of  FeLVpl5 
in  the  dysfunction  of  feline  suppressor  cell  differentiation. 

In   vivo  administration  of  FeLV-pl5  at  sites  distal  to  the  point  of  antigenic 
stimulation  (i.e.  allograft  and  sheep  rbc  inoculation)  had  no  apparent  effect 
on  the  cats'  normal  immune  functions.  Work  is  in  progress  to  evaluate  the 
localized  immune  effects  of  FeLV-pl5. 

A  20,000  dalton  protein  isolated  from  the  RD114  virus  suppressed  feline 
lymphocyte  blastogenesis  and  suppressed  the  human  lymphocyte  con-A  capping 
phenomena. 

Sera  furnished  by  the  CDC  from  humans  naturally  exposed  to  FeLV  indicate 
some  people  respond  to  FOCMA.  The  target  cell  used  in  this  study  was  a 
human  (Detroit  550)  fibroblast  infected  with  FeLV/FeSV.  The  predominant 
immunoglobulin  in  the  FOCMA  positive  sera  is  IgM.  Work  is  in  progress  to 
analyze  the  antibody  specificity  in  these  sera. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  This 
project  addresses  immunoprevention  of  cancer  in  an  important  animal  model, 
the  cat.  Cats  share  man's,  environment,  and  it  is  very  likely  that  the  same 
cocarcinogenic  principals  would  prevail  in  both  cat  and  human  cancer.  In  the 
feline  system  both  host  and  virus  components  can  be  well  controlled.  Results 
pertaining  to  cause  and  prevention  of  cancer  in  a  laboratory  setting  utilizing 
an  outbred  animal  system  can  be  transferred  with  established  techniques  to 
natural  animal  and  human  populations. 

Proposed  Course:  This  contract  will  continue. 

Date  Contract  Initiated:  October  1,  1978 

Current  Annual  Funding:  $205,000 

SALK  INSTITUTE  FOR  BIOLOGICAL  STUDIES  (N01-CP7-1008) 

Title:  Cellular  Differentiation  and  Viral  Oncogenesis 

Contractor's  Project  Director:  Dr.  Hung  Fan 

Project  Officer  (NCI):  Dr.  Robert  Goldberg 

Objectives:  To  (1)  study  parameters  that  control  virus  activation  and 
expression  during  embryonal  development  and  cellular  differentiation  by 
(a)  monitoring  activation  of  Moloney  MuLV  at  the  transcriptional  and  trans- 
lational  levels  during  embryonal  development  and  after  birth  in  different 
tissues  of  Mu-MuLV-carrying  mice  and  (b)  mapping  the  integration  sites  of 
M-MuLV  in  mice  carrying  the  virus  in  their  germ  line  by  genetic  and  biochemical 
techniques,  comparing  the  germ  line  site  with  virus  integration  site  after 
ij2  vitro  infection  of  fibroblasts;  (2)  study  the  molecular  mechanisms  involved 
in  organ  specificity  of  virus  expression,  infection  and  transformation;  and 
(3)  develop  strains  of  mice  with  other  murine  oncornaviruses  integrated  into 
the  germ  line,  to  be  used  in  similar  studies. 

Major  Findings:  A  major  experimental  focus  of  these  experiments  has  been 
the  study  of  mice  developed  by  the  contractor  genetically  transmitting  the 
gene  for  Moloney  murine  leukemia  virus  (M-MuLV)  (normally  an  exogenous  virus) 
(Balb/Mo  mice).  Another  line  of  mice  genetically  transmitting  M-MuLV  has  now 
been  produced;  and  these  latter  mice  appear  to  contain  three  independently 
segregating  copies  of  M-MuLV  DNA.  Procedures  have  also  been  developed  for 
infection  of  mouse  embryos  at  later  stages  of  differentiation  by  infection 
in  utero. 

The  transcription  activity  of  integrated  M-MuLV  copies  was  studied  by  diges- 
tion of  chromatin  with  DNase  I.  M-MuLV  DNA  was  found  to  be  preferentially 
sensitive  to  DNase  I  digestion  in  target  tissues  of  very  young  mice,  but 
resistant  in  non-target  tissues.  Newly  acquired  copies  of  M-MuLV  DNA  in 
target  tissues  of  leukemic  mice  are  also  DNase  I  sensitive,  while  many  of 
the  integrated  M-MuLV  DNA  copies  in  fibroblasts  infected  with  M-MuLV  i_n  vitro 
are  resistant  to  DNase  I  digestion. 
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Efforts  to  clone  integrated  M-MuLV  DNA  copies  from  infected  cells  have  been 
initiated.  Infected  cell  DNA  was  cleaved  with  Eco  RI  restriction  endonuclease 
and  cloned  into  lambdaphage  charon  4A  cloning  vector,  and  clones  containing 
inserts  complementary  to  M-MuLV  cDNA  were  selected.  Some  of  these  clones 
contain  endogenous  M-MuLV-related  sequences,  and  some  may  contain  integrated 
M-MuLV  DNA  copies. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  Both 
RNA-  and  DNA-containing  viruses  have  been  associated  with  interference  in 
the  differentiation  of  eukaryotic  cells;  this  interference  may  have  a  causal 
relationship  with  the  malignant  state  associated  with  viral  infection.  This 
project  combined  classical  genetic  analysis  and  multiple  techniques  of  mo- 
lecular biology  for  studying  the  control  of  expression  of  integrated  viral 
genomes  during  differentiation  and  has  contributed  to  our  understanding  of 
the  mechanisms  of  transformation. 

Proposed  Course:  This  contract  terminated  August  18,  1980. 

Date  Contract  Initiated:  August  19,  1977 

Current  Annual  Funding:  $0  for  FY  80 

SCRIPPS  CLINIC  AND  RESEARCH  FOUNDATION  (N01-CP7-1018) 

Title:  Immunologic  Study  of  Type  C  RNA  Tumor  Virus 

Contractor's  Project  Director:  Dr.  Frank  J.  Dixon 

Project  Officer  (NCI):   Dr.  Stuart  Aaronson 

Objectives:  This  program  is  comprised  of  three  integrated  segments  aimed  at 
(1)  identification  of  the  various  virion  and  nonvirion-associated  products  of 
endogenous  type  C  virus  genomes  in  mice,  (2)  quantitation  of  the  spontaneous 
immune  responses  of  mice  to  the  products  of  their  endogenous  type  C  virus 
genomes  and  any  immunopathologic  consequences  thereof,  and  (3)  modification 
of  expression  of  endogenous  type  C  virus  genomes  by  immunization  with  virus 
or  purified  virus  antigen  vaccines  or  by  immunosuppression. 

Major  Findings:  During  the  course  of  monitoring  the  amount  of  rapidly  sedi- 
menting  gp70  bound  to  Ig  throughout  the  course  of  a  disease  in  mice  that  re- 
sembles human  systemic  lupus  erythematosis  (SLE)  the  contractor  found  that 
sera  from  all  SLE  mice  contained  a  heavy  form  of  gp70  complexed  to  Ig,  and 
that  these  complexes  appeared  with  the  onset  of  renal  disease  and  persisted 
throughout  its  course.  By  contrast,  the  normal  strains  of  mice  with  compara- 
ble serum  gp70  levels  did  not  have  heavy  gp70.  It  was  also  determined  that 
significant  levels  of  anti-AKR  ecotrope  gp70  and  Rauchser  MuLV  gp70  antibodies 
are  not  necessarily  associated  with  the  murine  SLE  syndrome. 

The  contractor  has  determined  that  the  human  complement  component  CI  is  acti- 
vated by  murine  leukemia  viruses  in  the  absence  of  specific  antibody.  This 
activation  requires  the  binding  of  CI  to  the  viral  surface  through  two  sub- 
components Clq  and  Cls.  Human  Clr  has  no  affinity  for  the  virus. 
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The  contractor  has  completed  the  nucleotide  sequence  of  the  Long  Terminal 
Repeat  (LTR)  of  the  Moloney  Leukemia  Provirus.  They  found  that  the  516  base 
pair  LTR  was  flanked  by  inverted  reagents  (IR,  and  IRj^)  thereby  making  this 
segment  of  the  provirus  an  insertion  sequence  and  the  whole  provirus  a  trans- 
posion.  This  sequence  has  permitted  the  identification  of  the  promoter  and 
a  set  of  direct  repeats  upstream  from  the  promoter  both  of  which  are  believed 
to  be  involved  in  RNA  polymerase  binding. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  This 
program  is  relevant  to  the  goals  of  the  National  Cancer  Institute  in  relation 
to  determination  of  cause,  early  detection  of  risk,  and  eventual  effective 
prevention  of  cancer.  The  etiological  association  between  type  C  RNA  viruses 
and  cancer  has  been  firmly  established  in  chickens,  mice,  hamsters,  rats,  and 
cats,  and  is  strongly  implicated  in  cows,  gibbon  apes,  woolly  monkeys  and  ba- 
boons as  well.  In  addition,  particles  have  been  observed  in  human  placen- 
tas in  numbers  suggesting  that  they  are  universally  present.  Expression  of 
this  apparently  universal  oncogenic  potential,  however,  is  dependent  on  the 
immunologic  responses  of  the  host.  Although  these  immunologic  controls  are 
well  recognized,  the  mechanisms  are  poorly  understood.  Characterization  of 
the  viruses,  virus  antigens  and  host  cell  responses  will  provide  important 
insights  into  the  etiological  role  of  the  viruses  under  varying  immunologic 
conditions,  and  the  means  of  detecting  and  interfering  with  their  oncogenic 
properties  through  the  use  of  viral  vaccines. 

Proposed  Course:  This  contract  terminated  April  30,  1980. 

Date  Contract  Initiated:  June  29,  1972 

Current  Annual  Funding:  $178,213 

SCRIPPS  CLINIC  AND  RESEARCH  FOUNDATION  (N01-CP9-1012) 

Title:  Genetic  Analysis  of  Immune  Response  of  Mice  to  Recombinant  gp70 
Oncornavirus 

Contractor's  Project  Director:  Dr.  Richard  A.  Lerner 

Project  Officer  (NCI):  Dr.  Mina  Lee  Vernon 

Objectives:  Correlate  genetic  control  of  immune  responsiveness  of  inbred 
mouse  strains  to  different  murine  oncornavirus  gp70  determinants;  determine 
relative  contributions  of  humoral  immunity  and  cell -mediated  immunity  in 
affording  protection  against  tumor  antigens  and  tumor  growth;  induce  tumors 
in  appropriate  parental  strains  with  cloned  characterized  N-  and  B-tropic 
oncornaviruses,  then  test  the  tumors  for  growth  in  F-,  hybrids;  identify 
distinct  members  of  the  gp70  family  to  which  Ir  gene  controlled  responses 
are  directed;  test  F7  hybrid  mouse  strains  rejecting  parental  N-tropic 
virus- induced  tumor  for  ability  to  reject  parental  tumor  induced  by  an 
N-tropic  recombinant  virus;  determine  molecular  basis  for  immune  responses 
directed  to  molecules  other  than  gp70. 
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Major  Findings:  The  contractor  has  concentrated  on  establishing  standards  for 
assays  for  cellular  killing  via  cytotoxic  T  cells  using  Rauscher  leukemia  virus 
induced  tumor  antigens.  T.  cells  from  either  immunized  or  non-immunized  BALB/c 
mice  appear  to  proliferate  after  stimulation  with  irradiated  Rauscher  infected 
homologous  cells  and  survive  sufficiently  to  enable  cytotoxic  cell  assays. 
Current  work  is  being  directed  at  stabilizing  the  ^^^I  and  51 Cr  labeled  tar- 
get cells  and  establishing  conditions  for  cytotoic  cell  assays  which  minimize 
non-antigen  induced  cytolysis  of  viral  infected  cells. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  One  of 
the  principal  areas  of  interest  in  viral  oncology  is  the  identity  and  function 
of  the  viral  coded  transforming  proteins.  Detailed  structural  analysis  of 
murine  oncornavirus  virion  proteins  has  enabled  production  of  highly  specific 
immunological  probes  for  these  proteins.  The  functional  role  these  proteins 
play  in  virogenesis  and  oncogenesis  and  cellular  control  of  the  synthesis  and 
functioning  of  these  proteins  can  now  be  probed  as  model  systems. 

Proposed  Course:  This  contract  will  continue. 

Date  Contract  Initiated:  November  1,  1978 

Current  Annual  Funding:  $72,880 

SIDNEY  FARBER  CANCER  INSTITUTE  (N01-CP7-1051) 

Title:  In  Vitro  Study  of  the  Interrelationship  Between  BALB:virus-l  and 
Myeloid  Cell  Differentiation  in  NIH/Swiss  Mice 

Contractor's  Project  Director:  Dr.  Joel  S.  Greenberger 

Project  Officer  (NCI):  Dr.  John  R.  Stephenson 

Objectives:  To  define  a  system  for  viral  transformation  of  bone  marrow  myeloid 
cells  j_n  vivo  and  i_n  vitro,  to  delineate  the  stages  of  differentiation  of 
myeloid  cells  which  will  support  viral  infection  and  transformation,  and  to 
define  the  characteristics  of  the  transformed  state. 

Major  Findings:  Two  major  findings  have  been:   I.   Identification  of  the 
target  cells  for  infection  and  biologic  alteration  by  murine  leukemia  viruses, 
particularly  the  endogenous  N-tropic  virus  of  BALB/c  mice,  BALB: virus-1. 
II.  The  effects  of  addition  of  murine  leukemia  viruses  of  3  distinct  classes 
to  long-term  bone  marrow  cultures:  Viruses  with  long  latent  periods  for 
induction  of  lymphoid  leukemia  jji  vivo  (Class  1);  viruses  with  rapid  induction 
or  erythroleukemia  or  B-cell  lymphomas  in  newborn  mice  (Class  2);  and  murine 
sarcoma  viruses  which  cause  sarcomas  in  adult  mice  (Class  3). 

Infection  of  bone  marrow  adherent  cells  or  peritoneal  exudate  macrophages  with 
Class  1  or  Class  2  viruses  induces  release  of  colony  stimulating  factor  (CSF) 
for  granulocyte-macrophage  (GM)  progenitor  cells.   Purified  GM-progenitor  cells 
isolated  by  isopycnic  density  gradient  centrifugation  or  nonadherent  cells 
removed  from  long-term  bone  marrow  cultures  were  infected  with  Class  1  and 
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Class  2  viruses  but  were  not  induced  to  proliferate  if  no  source  of  CSF  was 
added.  In  contrast,  addition  of  these  viruses  to  whole  bone  marrow  or  to 
purified  GM-progenitor  cells  in  the  presence  of  macrophages  produced  increased 
numbers  of  colonies  and  clusters  compared  to  uninfected  cultures.  Infection 
of  bone  marrow  preadipocytes  by  murine  sarcoma  viruses  blocked  adipocyte 
differentiation  induced  by  lO-'M  hydrocortisone  sodium  hemisuccinate.  No 
block  was  detected  by  Class  1  or  Class  2  viruses.  GM-progenitor  cells,  as 
well  as  preadipocytes,  macrophages,  and  bone  marrow  fibroblasts  are  infected 
by  Class  1  or  Class  2  viruses  as  demonstrated  by  infectious  center  assay. 

The  original  Dexter  technique  of  long-term  bone  marrow  culture  was  simplified: 
eliminate  the  second  marrow  cecharge,  and  demi-depopulation.  The  modified 
system  is  dependent  upon  10-  M  hydrocortisone  and  works  equally  well  with  fetal 
calf  or  horse  serum.  All  nonadherent  cells  and  media  are  removed  each  7  days 
with  replacement  of  fresh  medium.  The  contents  of  a  femur  and  tibia  marrow 
established  in  long-term  cultures  generate  GM-progenitor  cells  for  periods 
in  excess  of  55  weeks  for  AKr/J,  C58/J,  C57Ks/J,  and  NZW  mouse  bone  marrow. 
In  contrast,  NZB,  C3H/HeJ,  and  129/J  marrow  cultures  generate  GM-progenitor 
cells  for  less  than  20  weeks.  Class  1  viruses  prolonged  generation  of  GM- 
progenitor  cells  and  dysplastic  granulocytes  in  NIH  Swiss  long-term  marrow 
cultures  to  over  45  weeks  compared  to  22  weeks  for  controls.  These  cells 
did  not  form  continuous  cell  lines  or  cause  leukemia  in  mice.  In  contrast, 
Class  2  viruses  including  FLV-A,  FLV-P,  and  SFFV  (Rauscher  M52R-MuLV),  or 
Abelson  virus  with  either  a  Rauscher  M52R  or  a  Moloney-MuLV  coat  induced 
Class  2  transformation,  permanent  cell  lines.  Kirsten,  Moloney,  or  Harvey 
murine  sarcoma  viruses  with  either  a  Rauscher  or  BALB:virus-l  coat  transformed 
adherent  macrophages,  fibroblasts,  and  preadipocytes  and  decreased  hemopoiesis 
in  8  weeks.  The  mechanism  by  which  Class  1  transformation  is  pushed  to  overt 
leukemogenesis  of  the  granulocyte  progenitor  cell  by  Class  2  virus  genomes  is 
currently  being  studied. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  This 
project  represents  one  of  the  few  systems  available  for  j_n  vivo  and  i_n  vitro 
induction  of  myelogenous  leukemia.  Exploitation  of  this  system  will  enable 
the  contractor  to  make  significant  contributions  to  definition  of  the  mechanism 
of  transformation  of  the  myelogenous  hematopoietic  system. 

Proposed  Course:  This  contract  terminated  August  14,  1980. 

Date  Contract  Initiated:  August  15,  1977 

Current  Annual  Funding:  $0  for  FY  80 

SIDNEY  FARBER  CANCER  INSTITUTE  (N01-CP7-1057) 
Title:  Studies  on  the  Integration  Sites  of  Oncogenic  Viruses 
Contractor's  Project  Director:  Dr.  William  Haseltine 
Project  Officer  (NCI):  Dr.  Takis  S.  Papas 
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Objectives:  To  characterize  the  sites  of  integration  on  selected  murine 
leukemia  viruses  and  Rous  sarcoma  virus  (RSV)  and  host  cell  genomes;  to 
examine  the  integration  of  EBV  genome  on  the  human  B- lymphocyte  genome. 

Major  Findings:  The  contractor  has  fingerprinted  over  twenty  strains  of 
virus  derived  from  AKR  mice  and  determined  the  primary  nucleotide  sequence 
of  approximately  50  to  90  oligonucleotides  of  each  strain.  The  contractor 
has  also  ordered  the  oligonucleotides  with  respect  to  the  3'  terminus  of 
the  virus. 

High  oncogenic  variants  of  the  AKR  viruses  seem  to  have  similar  3'  termini. 
The  3'  termini  of  other  non-oncogenic  or  weakly  oncogenic  variants  are 
different  from  the  highly  oncogenic  strains.  Possible  explanations  for 
this  observation  include:  the  3'  terminus  codes  for  a  transcriptional 
promotor  that  is  more  active  in  the  highly  oncogenic  strains  than  it  is 
in  the  other  strains;  the  3'  terminus  codes  for  integration  signals  that 
direct  the  genome  to  favored  location  on  the  host  genome;  the  3'  terminus 
codes  for  genetic  function  that  is  expressed  as  RNA  and/or  as  protein. 

Fingerprint  analysis  and  sequence  determination  of  oligonucleotides  indicate 
that  all  the  AKR  viruses  studied,  Akv-1  and  Akv-2,  MCF  247,  MB34,  the  spon- 
taneous lymphoid  viruses  SLl-9  and  Gross  virus  all  have  the  same  sequence 
immediately  adjacent  to  the  3'  terminus  and  a  second  sequence  about  250 
nucleotides  from  the  3'  terminus. 

To  determine  what  elements  of  the  3'  terminus  are  required  for  the  oncogenic 
activity  of  the  virus  strains  the  contractor  plans  to  determine  the  primary 
sequence  of  approximately  1,000  nucleotides  of  the  genome  adjacent  to  the  3' 
poly  A  for  a  number  of  different  viral  strains. 

Significance  for  Biomedical  Research  and  the  Program  of  the  Institute:  The 
integration  site  of  viral  genomes  on  the  host  cell  genome  may  have  an  effect 
on  initiating  the  malignant  state.  This  contract  will  yield  significant 
information  regarding  the  integration  sites  of  selected  viruses. 

Proposed  Course:  This  contract  terminated  August  31,  1980. 

Date  Contract  Initiated:   September  1,  1977 

Current  Annual  Funding:  $13,500  supplement  FY  80 

SLOAN-KETTERING  INSTITUTE  FOR  CANCER  RESEARCH  (N01-CP7-1053) 

Title:  Study  of  Interrelationship  Between  MuLV  Infection  and  Myeloid  Cell 
Differentiation 

Contractor's  Project  Director:  Dr.  Malcolm  A.  S.  Moore 

Project  Officer  (NCI):   Dr.  David  H.  Troxler 
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Objectives:  To  establish  long-term,  steady  state  cultures  of  mouse  bone 
marrow  and  to  monitor  such  cultures  infected  with  MuLV  for  evidence  of 
transformation;  to  correlate  changes  during  transformation  and  infection. 

Major  Findings:  The  influence  of  mouse  strain  differences  on  iji  vitro  transfor- 
mation  by  various  Friend  virus  isolates  was  investigated.  Classic  FV-2  locus 
resistance  did  not  present  a  barrier  to  vn   vitro  transformation  of  bone  marrow. 
The  inability  to  transform  stem  cells  in  marrow  cultures  from  certain  strains  of 
mice  indicated  a  hitherto  unrecognized  resistance  mechanism.  Sustained  in   vitro 
stem  cell  replication  did  not  occur  in  marrow  cultures  of  NZB  and  C58  mice  but 
was  apparently  normal  in  cultures  of  various  NZ^  F,  hybrids  and  in  NZW  marrow. 
By  providing  adherent  bone  marrow  cells  from  WW  mice  which  possess  normal _ 
marrow  microenvironmental  cells  but  lack  normal  pluripotential  stem  cells  it 
was  possible  to  sustain  i_n  vitro  stem  cell  replication  of  NZB  and  C58  marrow. 

Investigation  of  the  role  of  thymic  "epithelium"  in  the  in  vitro  transformation 
of  AKR  thymocytes  failed  to  demonstrate  an  active  transformation  potential  and 
chromosome  marker  studies  showed  that  accelerated  leukemogenesis  was  due  to 
the  presence  of  neoplastic  thymocytes  within  macrophages  which  comprised  the 
predominant  cell  type  in  thymus  "ephthelial"  cultures. 

Significance  to  Biomedical  Research  and  to  the  Program  of  the  Institute: 
Careful  analysis  during  i_n  vitro  transformation  of  virological,  functional, 
morphological,  biochemical,  and  genetic  parameters  will  yield  important 
information  regarding  fundamental  changes  during  initiation  of  the  malignant 
state  of  hematopoietic  cells. 

Proposed  Course:  This  contract  terminated  August  14,  1980. 

Date  Contract  Initiated:  August  15,  1977 

Current  Annual  Funding:  $0  for  FY  80 

SLOAN-KETTERING  INSTITUTE  FOR  CANCER  RESEARCH  (N01-CP7-1059) 

Title:  Structure  and  Distribution  of  Integrated  Sequences  of  Feline 
Oncornaviruses 

Contractor's  Project  Director:  Dr.  Wolf  Prensky 

Project  Officer  (NCI):  Dr.  Stephen  J.  O'Brien 

Objectives:  To  determine  the  integration  sites  of  feline  leukemia  virus  (FeLV) 
and  endogenous  virus  (RD-114)  in  cat  cells  by  somatic  cell  hybridization  and  in 
situ  hybridization  techniques. 

Major  Findings:  Mouse  monoclonal  antibodies  were  used  to  probe  for  the 
expression  of  feline  antigens  in  over  70  cat  x  mouse  hybrid  cell  populations 
by  indirect  immunofluorescent  assays.  The  antibodies  define  15  out  of  a 
possible  19  feline  linkage  groups.  One  of  the  antibodies  (25-382)  is  against 
antigens  coded  on  the  X-chromosomes  as  proven  by  reverse  selection  experiments 
and  correlation  with  feline  G6PD  expression. 
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To  determine  the  linkage  relationship  of  FeLV  expression  with  a  given  marker 
a  simultaneous  marker  assay  system  has  been  developed  based  on  fluorescein 
and  rhodamine  fluorescence,  and  hapten  derivatization  of  anti-FeLV  and  mouse 
monoclonal  antibodies.  The  heart  of  this  system  is  the  preparation  of  acti- 
vated biotin  and  DNP  molecules  each  of  which  can  be  quickly  and  specifically 
reacted  with  the  free  amino  groups  of  IgG  making  possible  the  rapid  preparation 
of  covalently  bound  haptenized  preparations  of  each  of  the  desired  antibodies. 
Biotinized  antibodies  were  visualized  by  either  rhodamine  or  fluorescein 
labeled  avidin,  and  standard  methods  were  developed  for  utilizing  these 
reagents.  Antibodies  haptenized  by  DNP  are  detected  by  a  preparation  of 
fluorescein  conjugated  rabbit-anti-DNP  conjugate. 

Limited  analyses  of  crosses  between  FOCMA-positive  cat  tumor  cells  and  mouse 
RAG  cells  failed  to  show  any  FOCMA  expression  in  the  hybrid  cells.  FeLV 
expression  is  easy  to  obtain  and  both  FeLV-positive  and  FeLV-negative 
subpopulations  from  the  same  cross  could  be  established.  Goat-anti-FeLV 
(Theilen)  antibody  effectively  prevents  the  spread  of  FeLV  within  a  culture, 
thus  making  it  possible  to  design  experiments  for  the  simultaneous  assay  of 
FeLV  and  normal  cat  linkage  markers  in  mouse  x  cat  hybrid  cell  populations 
by  cellular  immunofluorescence. 

Three  of  the  cell  surface  markers  were  shown  to  be  present  on  normal  fibro- 
blasts of  the  cat  and  many  other  non-murine  species,  absent  from  epithelial 
and  some  hematopoietic  cells,  but  strongly  expressed  whenever  an  epithelial 
or  hematopoietic  cell  undergoes  a  cellular  transformation  event.  They  are 
also  freely  expressed  in  cat  x  mouse  hybrid  cells. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  It 
is  possible  that  the  site  of  FeLV  integration  may  be  responsible  for  the 
consequences  of  infection.   Interaction  with  endogenous  RD-114-related  genetic 
information  may  also  play  a  role.  This  project  will  use  the  various  types 
of  tumors  of  the  cat  as  input  material  for  studying  the  integration  sites  of 
FeLV  and  RD-114  at  the  chromosomal  level  to  determine  whether  the  nature  of 
the  integration  site(s)  play  any  role  in  oncogenicity  or  expression  of  the 
viral  genome. 

Proposed  Course:  This  contract  terminated  September  27,  1980. 

Date  Contract  Initiated:  September  28,  1977 

Current  Annual  Funding:  $0  for  FY  80 

SLOAN-KETTERING  INSTITUTE  FOR  CANCER  RESEARCH  (N01-CP8-1054) 

Title:   Immunogenetic  and  Virological  Study  of  Leukemogenesis  in  the  AKR  Mouse 

Contractor's  Project  Director:  Dr.  Lloyd  J.  Old 

Project  Officer  (NCI):   Dr.  Stephen  J.  O'Brien 

Objectives:  (1)  Extend  present  serological  typing  systems  to  identify  new 
cell  surface  antigen  systems  specified  by  various  classes  of  endogenous 

1330 


MuLV.  (2)  Characterize  new  antigens  biochemically  and  determine  relationship 
to  viral  structural  components.  (3)  Conduct  detailed  immunogenetic  and 
Virol ogical  analyses  of  preleukemic  phase  of  AKR  mice.  (4)  Use  genetic 
approach  to  analyze  age-dependent  amplification  of  MuLV  antigenic  expression 
in  thymus  of  six  month  old  AKR  mice.  (5)  Determine  biological  and  biochemical 
character  and  significance  of  MuLV  isolated  from  AKR  mice  in  (3)  above. 
(6)  Use  cell  fractionation  techniques  to  identify  the  cellular  source  of 
various  classes  of  MuLV  from  thymus  of  different  age  AKR  mice. 

Major  Findings:  G(/\ksL2)  ^^^^  surface  antigen  is  a  marker  for  a  subclass 
of  AKR  dual  tropic  MULV.  It  is  identified  by  naturally  occurring  cytotoxic 
antibody  in  AKR,  AKR-Fv-lb  and  AKR  p^  mice.  MCF  247  (an  AKR  dualtropic 
MuLV)  and  gp70  fractions  of  MCF  247  have  now  been  found  to  absorb  cytotoxic 
activity  from  G(akSL2)  typing  sera.  Thus  G(AKSL2)  represents  the  fourth 
MuLV  gp70  determinant  recognized  by  natural  antibody,  the  other  3  are  GlX  and 
G(RADA1  )(f'elated  to  ecotropic  and  dualtropic  MuLV)  and  G(ERLD)(i^elated  to 
xenotropic  and  dualtropic  MuLV).  A  new  cell  surface  antigen  unrelated  to 
previously  defined  systems  has  been  identified  on  cells  infected  with  either 
amphotropic  or  xenotropic  MuLV  by  means  of  naturally  occurring  antibody  in 
C57BL/6  (=B6)  serum.  Analysis  of  this  antigen  and  of  several  new  ecotropic 
MuLV-related  antigens  detected  by  1)  monoclonal  antibody  of  AKR-Fv-P  origin 
and  2)  hyperimmune  RF  anti-AKR  spontaneous  leukemia  sera  will  continue. 

A  variety  of  segregating  mouse  populations  has  been  derived  to  define  the 
geneti.c  basis  for  G^^ri  □)  expression.  Segregation  ratios  indicate  that 
'^(ERLD)  expression  is  determined  by  a  single  gene  in  B6,  2  unlinked  genes 
in  129  and  3  unlinked  genes  in  B6-Gix+.  Other  backcross  populations  have 
been  bred  to  analyze  the  genetic  basis  for  Gjx  antibody  production  and  the 
development  of  autoimmune  disease  and  lymphoreticular  neoplasms  in  certain 
GlX+  X  Gix+  or  Gix-  Fi  hybrids.  In  reciprocal  backcrosses  derived  from  129 
and  (B6-GIX+  x  129)  Fi  mice,  the  segregation  data  for  Gix  antibody  production 
indicates  a  1  gene  ratio  and  mice  producing  Gjx  antibody  die  significantly 
earlier  than  mice  not  producing  Gjx  antibody.  Genetic  analysis  of  the  unex- 
pected suppression  of  GCSA  (a  cell  surface  antigen  related  to  MuLV  pl5-p30) 
in  Fi  crosses  between  AKR  and  CBA/H  is  continuing.  Expression  of  GCSA  in  Fi 
mice  backcrossed  to  AKR  indicates  control  by  a  single  CBA/H  gene.  Leukemia 
development  in  the  backcross  population  shows  no  association  with  the  GCSA 
phenotype,  suggesting  that  the  GCSA  suppressing  gene  is  not  responsible  for 
the  low  leukemia  incidence  in  Fi  mice. 

A  series  of  dualtropic  MuLV  has  been  isolated  from  AKR  mice.  These  isolates 
can  be  distinguished  on  the  basis  of  the  spectrum  of  MuLV-related  cell  sur- 
face antigens  induced  in  infected  cells  and  3  phenotypes  have  been  observed. 
These  dualtropic  isolates  have  been  further  characterized.  Thus  far,  all 
AKR  dualtropic  isolates  with  leukemia  accelerating  activity  (L+)  have  the 
following  characteristics:  1)  code  for  GCSA,  Gjx,  G(erlD)  and  G(akSL2)» 
2)  ratio  of  infectivity  for  mouse  vs.  mink  cells  0.4  or  greater,  3)  induce 
MCF  and  4)  amplify  MuLV  antigen  expression.  However,  as  L"  dualtropic  MuLV 
have  been  isolated  with  these  traits,  none  of  them  (either  individually  or 
as  a  set)  can  be  considered  invariant  characteristics  of  AKR  L"*"  MuLV. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Detailed  structural  analysis  of  murine  oncornavirus  virion  proteins  has  enabled 
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production  of  highly  specific  immunological  probes  for  these  proteins.  The 
functional  role  these  proteins  play  in  virogenesis  and  oncogenesis  and  cellular 
control  of  the  synthesis  and  functioning  of  these  proteins  can  now  be  probed. 

Proposed  Course:  This  contract  will  continue. 

Date  Contract  Initiated:  September  25,  1978 

Current  Annual  Funding:  $257,603 

SOUTHERN  CALIFORNIA  SCHOOL  OF  MEDICINE,  UNIVERSITY  OF,  AND  CHILDREN'S  HOSPITAL 
OF  LOS  ANGELES  (N01-CP5-3500) 

Title:  A  Comprehensive  Field  and  Laboratory  Research  Program  on  the  Etiology 
and  Epidemiology  of  Human  Cancer 

Contractor's  Project  Directors:  Dr.  Murray  B.  Gardner  (USC) 

Dr.  Brian  E.  Henderson  (USC) 
Dr.  Robert  M.  McAllister  (Children's  Hosp.) 

Project  Officer  (NCI):  Dr.  Robert  J.  Huebner 

Objectives:  To  mount  a  multifaceted,  highly  interrelated  program  designed  to 
determine  the  roles  of  viruses,  physical  and  chemical  carcinogens,  and  other 
factors  in  the  etiology  of  human  and  animal  cancer  in  a  natural  urban  ecology. 
These  studies  are  carried  out  at  the  USC  School  of  Medicine  and  at  the 
Children's  Hospital  of  Los  Angeles.  The  objectives  of  the  last  year  relate 
only  to  those  studies  carried  out  at  Children's  Hospital  of  Los  Angeles. 

Major  Findings:  Although  adenovirus  type  1  was  isolated  from  3  of  36  child- 
hood solid  tumors,  intensive  follow-up  did  not  indicate  that  adenoviruses 
play  a  role  in  human  cancer.  During  these  studies  an  adenovirus  plaque 
assay  was  devised,  as  was  an  adenovirus  transformation  assay.  Members  of 
adenovirus  group  D  were  discovered  to  have  transforming  activity  for  hamster 
and  rat  cells  and  to  produce  a  common  T  antigen.  The  infectivity  of  adeno- 
virus type  1  DNA  was  demonstrated. 

Extensive  efforts  to  demonstrate  the  presence  of  an  endogenous  RNA  tumor 
virus  in  childhood  malignancies  were  unsuccessful.  In  addition,  no  evidence 
of  exogenous  infection  with  the  known  mammalian  RNA  tumor  viruses  was  found. 
RD-114  virus  was  discovered.   It  was  distributed  to  all  laboratories  that 
requested  it  in  the  USA  and  abroad.  Through  the  collaborative  efforts  of  many 
laboratories,  RD-114  virus  was  characterized  and  identified  as  an  endogenous 
virus  of  certain  feline  species  and  was  shown  to  be  related  to  the  endogenous 
virus  of  baboon.  The  electron  microscopic  structure  of  RD-114  RNA  genome  was 
defined  and  determined  to  be  a  prototype  for  that  of  other  mammalian  type  C 
viruses.  A  transfection  assay  was  described  for  integrated  proviral  DNAs 
and  was  used  to  demonstrate  the  infectivity  of  DNAs  extracted  from  RD  cells 
experimentally  and  productively  infected  with  RD-114,  FeLV  or  GaLV. 

Endogenous,  non-transforming  type  C  viruses  were  induced  from  rat  cells. 
Unsuccessful  efforts  were  made  to  detect  type  C  virus-related  genes  in 
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the  DNA  of  human  sarcomas  and  leukemias.  Among  20  RD-114  related  genomes 
integrated  in  domestic  cat  DNA,  one  or  more  was  shown  to  be  infectious  for 
sensitive  cells  if  derived  from  a  virus-productive  culture.  Considerable 
sequence  divergence  was  apparent  between  RD-114  related  genes  in  cat  DNA 
and  those  of  RD  (RD-114)  and  unintegrated  provirus.  Other  aspects  of  cat 
retrovirus  integration  and  infectivity  were  examined. 

Transfection  studies  were  conducted  using  exogenous  and  endogenous  baboon 
proviral  DNAs.  Despite  the  large  number  of  sequences  (■^'95)  related  to  baboon 
proviral  DNA  in  baboon  cells,  only  low  levels  of  infectious  virus  are  released 
and  transfection  by  the  baboon  DNA  is  inefficient.  In  contrast,  although  only 
3-5  copies  of  exogenous  proviral  DNAs  are  present  in  human  or  dog  cells,  more 
virus  is  released  and  transfection  is  more  efficient. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  This 
program  searched  for  causes  of  human,  pet  and  other  ammal  cancers  in  a  nat- 
ural ecology,  utilizing  (1)  experimental  animal  systems,  (2)  basic  viral  and 
chemical  carcinogenesis  studies,  and  (3)  epidemiological  profiles  of  cancer 
incidence  in  humans  and  animals  in  the  Los  Angeles  area  in  relation  to  exposure 
to  environmental  carcinogens. 

Proposed  Course:  This  contract  terminated  December  1,  1979. 

Date  Contract  Initiated:  June  26,  1968 

Current  Annual  Funding:  $0  for  FY  80 

SOUTHERN  CALIFORNIA,  UNIVERSITY  OF  (N01-CP6-1Q41) 

Title:  Influence  of  Interactions  Between  Environmental  Factors  and  Viral 
Sarcogenes  in  Malignant  Transformation  of  Rat  Cells 

Contractor's  Project  Director:  Dr.  Suraiya  Rasheed 

Project  Officer  (NCI):  Dr.  Edward  M.  Scolnick 

Objectives:  To  further  elucidate  the  cofactorial  relationship  between  car- 
cinogens  (chemical ,  physical,  and/or  biological)  and  endogenous  type  C  RNA 
viruses  as  these  relate  to  activation  of  endogenous  "sarcogene"  expression 
and  malignant  transformation  of  cells  i_n  vitro,  the  contractor  will 
(1)  determine  the  correlation  between  sarcogene  activation  by  carcinogens 
and  malignant  transformation  of  cells;  and  (2)  determine  the  nature  and 
mechanisms  of  the  interaction  of  the  carcinogenic  cofactor  with  the  cell 
which  leads  to  activation  of  the  cellular/viral  genetic  information. 

Major  Findings:  Rat  sarcoma  viruses  (RaSV)  were  isolated  in  vitro  by  separate 
cocultivation  of  a  Sprague  Dawley  rat  leukemia  virus  (RaLV'}~productive  culture 
with  chemically  and  polyoma  virus  induced  tumors.  This  system  rescued 
"naturally"  occurring  rat  src  genes  as  stable  sarcoma  viruses.  Several  other 
helper  type  C  viruses,  including  other  RaLV  strains,  failed  to  rescue  similar 
genes  from  the  same  tumors.  The  RaSVs  differ  from  the  Harvey  and  Kirsten 


1333 


strains  of  mouse  sarcoma  viruses  (Ha  and  KiMSV)  in  that  they  are  of  purely 
rat  origin,  i.e.  contain  no  mouse  derived  sequences  and  show  no  homology  with 
the  currently  available  cDNA  probes  of  KiMSV  SOS  RNA.  In  recent  collabora- 
tive studies  a  phosphoryla'ted  protein  of  29,000  molecular  weight  (PP29)  was 
identified  in  RaSV  transformed  cells  but  not  in  RaLV,  chemically  or  other 
type  C  virus  transformed  rat  tumor  cells.  The  protease  generated  peptides 
of  PP29  share  common  immunological  determinants  with  a  21,000  mol.  wt.  pro- 
tein present  in  Ha-  and  KiMSV  transformed  rat  tumor  cells.  Goat  and  beagle 
dog  fibroblasts  were  also  transformed  by  RaSV  pseudotypes  of  the  baboon 
endogenous  virus.  These  RaSV  transformed  goat  and  dog  cells  also  contain 
immunoprecipitable  protein  (PP29)  similar  to  that  isolated  from  RaSV 
transformed  rat  cells.  These  results  are  considered  by  the  contractor  to 
strengthen  the  finding  that  PP29  is  a  transformation  specific  protein  and 
is  probably  required  for  the  maintenance  of  RaSV  induced  transformation. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  synergistic  effects  of  chemical  or  physical  carcinogens  and  viruses  in 
inducing  cell  transformation  in  vitro  and  tumor  production  J_n  vivo  have  been 
demonstrated.  The  mechanisms!!)  of  action  and  the  relative  importance  of 
the  interaction  between  these  putative  cocarcinogens  is  not  well  understood. 
The  most  significant  finding  in  this  investigation  was  the  generation  of  new 
rat  sarcoma  viruses  iji  vitro.  This  now  opens  new  avenues  to  understand  the 
interaction  of  endogenous  virogenes  and  naturally  occurring  transformation 
specific  genes  with  other  environmental  factors. 

Proposed  Course:  This  contract  terminated  November  30,  1979. 

Date  Contract  Initiated:  September  29,  1976 

Current  Annual  Funding:  $0  for  FY  80 

SOUTHERN  CALIFORNIA,  UNIVERSITY  OF  (N01-CP8-1032) 

Title:  Immunoprevention  of  Natural  and  Induced  Tumors  in  Wild  Mice 

Contractor's  Project  Director:  Dr.  Murray  B.  Gardner 

Project  Officer  (NCI):   Dr.  Stephen  J.  O'Brien 

Objectives:  By  infection  with  helper  amphotropic  MuLV,  attempt  to  rescue  the 
transforming  genes  from  chemically  transformed  cells  and  chemically  induced 
tumors  of  wild  mice  and  New  World  rodents;  determine  the  role  of  amphotropic 
virogenes  in  natural  and  chemical  tumorigenesis  of  laboratory  and  wild  mice; 
attempt  to  prevent  chemically  induced  tumors  by  passive  immunization  with 
anti-amphotropic  IgG;  determine  interaction  of  amphotropic  and  ecotropic 
murine  leukemia  viruses  (MuLV)  with  lymphoid  cells  during  the  pathogenesis 
of  natural  and  experimental  B  cell  lymphomas  of  wild  mice;  study  the  role  of 
ecotropic  MuLV  virogenes  in  slow  CNS  disease  in  wild  mice  and  attempt  passive 
immunization  with  anti-ecotropic  IgG;  determine  the  role  of  recombination  of 
amphotropic  and  ecotropic  MuLV  in  the  genesis  of  viral  isolates  with  enhanced 
oncogenicity;  attempt  to  determine  the  mechanism  of  control  of  amphotropic 
virus  expression  in  tissues  of  laboratory  mice. 
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Ma.jor  Findings:  Lake  Casitas  (LC)  wild  mice,  selectively  bred  in  the  labora- 
tory from  nonviremic  mothers,  remain  generally  nonviremic  throughout  their 
natural  lifespan.  The  low  incidence  (<2%)  of  endogenous  MuLV  activation  and 
associated  lymphomas  in  these  nonviremic  LC  mice  is  similar  to  that  observed 
in  most  other  populations  of  nonviremic  wild  mice  (e.g.  BC  mice).  A  few 
lymphomas,  free  of  infectious  virus,  do  develop  in  the  aged  uninfected  LC 
and  BC  mice.  Congenital  infection  of  LC  wild  mice  with  MuLV  thus  constitutes 
a  relative  risk  of  about  10-fold  for  development  of  lymphoma  compared  to 
uninfected  wild  mice.  Hepatomas  and  breast  carcinomas  also  occur  with 
increased  incidence  in  viremic  as  compared  to  nonviremic  LC  mice  born  and 
raised  in  the  laboratory.  Population  genetic  studies  show  the  same  degree 
of  genetic  variability  in  LC  and  BC  wild  mice  as  that  found  in  other  wild 
mouse  populations.  Furthermore,  in  its  population  genetic  structure  the 
viremic  LC  population  appears  indistinguishable  from  the  virus-negative  BC 
population. 

A  new  MuLV-restriction  gene,  called  Akvr-1,  was  discovered  in  LC  wild  mice. 
This  gene  restricts  ecotropic  AKR  and  FMR  viruses  but  does  not  restrict  wild 
mouse  amphotropic  virus.  It  is  a  dominant  gene,  polymorphic  in  LC  mice  but 
fully  expressed  and  powerful  in  its  prevention  of  ecotropic  virus  expression 
and  associated  lymphomagenesis  in  AKR  X  LC  reciprocal  hybrids. 

By  immunopathological  study  the  natural  LC  lymphomas  and  the  lymphomas  induced 
by  LC  MuLV  in  NIH  Swiss  mice  both  appear  to  be  of  null  cell  origin.  However, 
upon  culture  some  of  these' null  cell  tumors  follow  a  B-cell  differentiation 
pathway. 

The  induction  of  paralysis  by  cloned  amphotropic  virus  in  NIH  Swiss  mice  was 
consistently  associated  with  generation  of  ecotropic  virus  by  recombination 
with  endogenous  Swiss  mouse  genes.  However,  the  newly  derived  recombinant 
ecotropic  viruses  did  not  induce  paralysis  on  vn   vivo  passage. 

By  passive  immunization  of  newborn  LC  wild  mice  with  goat  antisera  having 
a  high  titer  to  ecotropic  virus,  but  only  a  low  titer  to  amphotropic  virus, 
the  incidence  of  natural  lymphoma  was  slightly  reduced  but  paralysis  was_ 
completely  prevented.  Other  tumors  occurred  with  equal  incidence  rates  in 
the  immunized  and  control  mice.  Active  and  passive  immunization  against^ 
indigenous  MuLV  has  not  reduced  the  incidence  of  3-MC  sarcoma  induction  in 
wild  mice;  in  several  separate  experiments,  antiviral  IgG  appeared  to  enhance 
chemical  carcinogenesis.  Chemical  tumorigenesis  in  wild  mice  is  apparently 
not  dependent  upon  expression  of  infectious  MuLV. 

By  T-,  oligonucleotide  fingerprinting  the  ecotropic  viruses  of  wild  mice  were 
more  divergent  one  to  another  than  were  the  amphotropic  viruses.  It  was 
possible  to  isolate  cDNA  fractions  specific  for  amphotropic  virus  but  the 
final  yield  was  poor.  The  genetic  disparity  between  eco-  and  amphotropic 
viruses  of  wild  mice  was  10-20%,  probably  scattered  on  the  genome.  Several 
new  endogenous  viruses  isolated  from  uninfected  LC  mice  showed  iji  vitro 
properties  somewhat  different  from  viruses  recovered  from  congem tally 
infected  LV  mice. 

About  50%  of  LC  breast  tumors  lack  MuMTV  antigen  or  particles.  An  LC  breast 
carcinoma  cell  line  lacking  MuMTV  expression  but  releasing  amphotropic  MuLV 
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was  established.  Efforts  to  rescue  endogenous  src  genes  from  wild  mice  are 
in  progress. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Development  of  methodology  for  derepressing  the  genes  governing  expression 
of  the  complete  retrovirus  from  laboratory  mouse  strains  could  be  applied  to 
the  rescue  of  a  human  virus.  Further,  the  lymphomas  associated  with  the  wild 
mouse  type  C  virus  are  of  a  B  cell  type,  whereas  lymphomas  in  laboratory  mouse 
models,  T  cell  lymphomas  are  more  common.   Human  lymphomas  are  also  of  B  cell 
type;  therefore,  the  outbred  wild  mouse  model  has  great  relevance  for  study  of 
the  human  disease. 

Proposed  Course:  This  contract  will  continue. 

Date  Contract  Initiated:  September  16,  1978 

Current  Annual  Funding:  $476,594 

SOUTHERN  CALIFORNIA,  UNIVERSITY  OF  (N01-CP8-1033) 

Title:  Rescue  of  Human  src  Genes  and  Identification  of  Related  Tumor  Antigens 

Contractor's  Project  Director:   Dr.  Murray  B.  Gardner 

Project  Officer  (NCI):   Dr.  Steven  R.  Tronick 

Objectives:  To  identify  families  with  history  of  colon  polyposis,  Gardner's 
syndrome,  and  other  genetically  related  cancers;  obtain  tissues  from  the 
tumor  patients  and/or  families;  establish  cultures  and  characterize  growth 
properties.  Compare  fibroblast  cell  cultures  for  transformability  by  KiMSV, 
rat  sarcoma  virus  BaEV  pseudotype,  RD-114  pseudotype  and  amphotropic  murine 
pseudotype.  Attempt  to  rescue  human  and  primate  transforming  (src)  genes  from 
spontaneous  tumors  and  from  human  and  primate  cells  transformed  by  chemicals 
and/or  DNA  viruses. 

Major  Findings:  Two  dominant  cancer  gene  families,  one  with  familial  colon 
polyposis  (FCP)  and  one  with  the  Gardner's  syndrome  (GS)  variant  of  this 
disorder  have  been  selected  for  intensive  study.  Fibroblast  cultures  have 
been  established  from  skin  biopsies  of  three  generations  in  each  of  these 
families.  Titration  assays  for  transformation  with  Kirsten  murine  sarcoma 
virus  (KiMSV)  were  performed  "blindly"  by  the  end-point  dilution  method  on2 
codednCells.  The  transformation  efficiency  of  GS  and  FCP  cells  was  3  X  10 
to  10  times  higher  than  controls.  This  was  not  caused  by  differences  in 
virus  infectivity  but  reflected  susceptibility  at  the  host  genome  level. 
These  results  were  independently  confirmed.  KiMSV/BaEV  showed  a  higher 
transformation  efficiency  on  human  cells  than  did  KiMSV/MuLV.  GS  and  FCP 
cells  were  also  more  susceptible  to  transformation  by  feline  and  endogenous 
rat  sarcoma  viruses  and  by  adeno-12/SV40  hybrid  virus.   Permanently  trans- 
formed GS  cell  lines  were  obtained  after  transformation  with  adeno-12/SV40 
virus.   Efforts  to  obtain  permanently  transformed  GS  or  chimpanzee  cell 
lines  by  chemical  treatment  have  not  yet  been  successful.  Eight  chimpanzee 
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fibroblast  cultures  have  been  transformed  by  KiMSV  (BaEV)  but  nonproductive 
clones  have  not  yet  been  obtained.  Efforts  to  rescue  endogenous  src  genes 
from  transformed  chimpanzee  and  human  cells  are  in  progress. 

Significance  to  Biomedical  Research  and  to  the  Program  of  the  Institute: 
Isolation  and  characterization  of  a  primate  transforming  gene  is  the  first 
step  toward  developing  rational  immunological  control  of  human  cancer. 
Additionally,  as  more  experience  is  gained,  the  KiMSV  transformation  assay 
may  be  useful  in  identifying  individuals  at  risk  in  dominant  cancer  gene 
families. 

Proposed  Course:  This  contract  will  continue. 

Date  Contract  Initiated:  September  16,  1978 

Current  Annual  Funding:  $175,500 

SOUTHERN  CALIFORNIA,  UNIVERSITY  OF  (N01-CP8-1063) 

Title:  Immunoprevention  of  Cancer  in  Cats 

Contractor's  Project  Director:  Dr.  Murray  B.  Gardner 

Project  Officer  (NCI):  Dr.  Mina  Lee  Vernon 

Objectives:  To  determine  the  interrelationship  of  RD-114,  FeLV  and  src  gene 
expression  to  FOCMA  antigen  in  naturally  occurring  and  chemically  induced 
feline  cancer;  to  determine  if  transformation-specific  src  genes  can  be  rescued 
as  sarcoma  viruses  from  cat  tumors;  to  determine  the  relationship  between  FOCMA 
and  the  hypothetical  feline  src  gene  transforming  protein;  to  determine  the 
correlation  between  autogenous  immunity  to  FeLV  or  FOCMA  and  occurrence  of 
disease;  to  determine  whether  cats  can  be  protected  against  natural  or  induced 
cancer  by  immunization  with  FOCMA  and/or  feline  transforming  protein;  and  to 
determine  whether  humans  show  any  evidence  of  infection  after  exposure  to  FeLV. 

Major  Findings:  Vaccination  of  kittens  with  an  FL74  cell  soluble  membrane 
immunogen  did  not  protect  against  challenge  with  feline  sarcoma  virus  (FeSV). 
This  failure  of  protection  was  apparent  even  in  kittens  in  whom  the  vaccine 
induced  good  titers  of  "FOCMA"  antibody.  The  results  suggest  that  the  "FOCMA" 
antibodies  induced  with  this  FL74  cell  membrane  vaccine  may  be  antigenically 
dissimilar  from  the  "FOCMA"  determinant  induced  by  FeSV. 

About  75%  of  cats  in  FeLV-infected  multicat  households  gave  evidence  of  past 
or  present  FeLV  infection.  About  30%  were  persistently  infected  healthy  FeLV 
carriers  and  60%  of  both  FeLV-free  and  FeLV-infected  resident  cats  had  FOCMA 
antibody  in  >1:4  titer.  Although  FOCMA  antibody  is  directed  at  FeLV-induced 
tumor  antigens,  which  are  distinct  from  FeLV  envelope  (gp70)  or  neutralization 
antigens,  and  although  high  titers  of  FOCMA  antibody  generally  protect  cats 
from  lymphoma  development,  the  relationship  between  this  antigen(s)  on  FeLV- 
induced  lymphomas  and  those  on  FeSV-induced  sarcomas  remains  unsettled. 
Studies  are  in  progress  to  determine,  in  molecular  terms,  the  nature  of  the 
protective  FOCMA  antibodies. 
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Attempts  to  induce  tumors  in  cats  with  five  different  chemical  carcinogens 
given  over  12-18  months  have  been  unsuccessful.  Neither  endogenous  FeLV  in- 
fection nor  FOCMA  antibodies  were  induced  by  this  treatment. 

The  contractor  has  established  cat  melanoma  and  carcinoma  cell  lines  which  do 
not  release  FeLV  or  RD-114  viruses  spontaneously  or  after  lUDR  treatment  and 
which,  by  absorption  analysis,  do  not  express  FOCMA.  We  have  also  derived  an 
FeSV-transformed  nonproductive  goat  cell  which  expresses  a  high  level  of  FOCMA- 
containing  polyprotein. 

Hybridization  of  5' -end  and  3' -end  FeLV  DNA  sequences  to  purified  total  RNA 
of  cat  placentas,  is  either  lacking  or  different  from  the  3 '-end  sequences  of 
exogenous  FeLV.  An  alternative  considered  by  the  contractor  is  that  the  endo- 
genous genome  may  be  incompletely  transcribed.  By  RNAse  T-,  oligonucleotide 
mapping  various  RD-114  viral  isolates  were  found  to  be  very  similar  and  quite 
distinct  from  baboon  endogenous  virus. 

Significance  to  Biomedical  Research  and  the  Proc^ram  of  the  Institute:  This 
project  should  help  define  the  feline  transforming  gene  (src)  and  its  protein 
product  in  naturally  occurring  and  chemically  induced  feline  cancer  and 
determine  the  feasibility  of  immune  prevention  of  cancer  in  cats  as  a  model 
system. 

Proposed  Course:  This  contract  will  continue. 

Date  Contract  Initiated:  September  22,  1978 

Current  Annual  Funding:  $212,000 

STANFORD  UNIVERSITY  (N01-CP9-1044;  formerly  4-3228) 

Title:  Virologic,  Biologic  and  Immunologic  Characterization  of  Hodgkin's 
Disease  and  Other  Human  Malignant  Lymphomas 

Contractor's  Project  Director:  Dr.  Henry  Kaplan 

Project  Officer  (NCI):  Dr.  Stuart  A.  Aaronson 

Objectives:  To  collect  Hodgkin's  disease  (HD)  tissue  and  serological  samples 
for  study.  To  cultivate  human  lymphoma  tissue  U)   vitro  and  characterize  the 
established  cell  lines  and  clones  derived  from  them.  To  investigate  cultures 
for  presence  of  virus,  and  characterize  any  viruses  detected.  To  characterize, 
immunologically,  the  cells  in  relation  to  the  host  autoimmune  responses. 

Major  Findings:   Hybridoma  monoclonal  antibody  3D7(2B9)  has  now  been  used  to 
establish  an  RIA  for  the  SU-DHL-1  viral  p28.  Monospecific  goat  antiserum  to 
purified  SSV-1  p28  blocked  the  binding  of  the  3D7(2B9)  antibody  to  SSV-1  p28. 
Serum  from  the  patient  whose  tumor  yielded  the  SU-DHL-1  cell  line  competed 
against  the  binding  of  3D7(2B9)  antibody  to  SU-DHL-1  viral  p28. 

A  second  monoclonal  hybridoma  antibody,  3H4,  immunoprecipitated  a  single 
75,000  dalton  protein  from  pelleted  SU-DHL-1  virus,  and  neutralized  the 
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activity  of  SU-DHL-1  viral  reverse  transcriptase  to  a  greater  extent  than 
that  of  the  subhuman  primate  viral  reverse  transcriptases. 

Seven  hybridoma  antibodies"  have  been  obtained  from  the  spleen  cells  of  mice 
immunized  with  GaLV,  and  3  of  these  have  been  partially  characterized. 

A  905  base  pair  cDNA  fragment  of  the  SSV-1/SSAV  genome  has  been  cloned. 
Several  of  the  restriction  endonuclease  sites  in  the  insert  have  been  mapped. 

3 
Velocity  sedimentation  analysis  of  the  culture  fluids  of  H-undine-labeled 
SU-DHL-1  cells  revealed  two  peaks,  one  sedimenting  at  the  expected  position 
for  complete  virions,  the  other  sedimenting  at  a  position  characteristic  of 
defective  virions.  Radiolabeled  nucleic  acid  extracted  from  the  first  peak 
revealed  a  small  RNA  peak  at  ■^'70S. 

After  co-cultivation  with  SU-DHL-1  and  SU-AmB-3  cells,  the  SU-LB-2  human 
lymphoblastoid  cell  line  acquired  a  28,000  dalton  protein  immunoprecipitable 
by  the  3D7(2B9)  hybridoma  antibody,  but  failed  to  develop  reverse  transcrip- 
tase activity. 

A  new  cell  line  (SU-DLL-1)  has  been  established  from  a  lymphocytic  lymphoma. 

Giant  cells  in  a  Hodgkin's  disease  pleural  effusion  have  been  permanently 
established  as  the  SU-HD-1  cell  line,  cloned,  and  partially  characterized. 
The  cells  are  near-triploid  and  bear  a  giant  marker. 

After  stimulation,  the  SU-HD-1  cell  line  secretes  a  powerful  lymphocyte 
mitogen. 

SU-HD-1  giant  cells  have  been  size-fractionated.  The  smaller  size  classes 
display  extremely  high  cloning  efficiencies  and  bi phasic  radiation  dose- 
response  curves. 

The  inhibitor  of  E-rosette  formation  and  PHA  response  in  the  sera  of  patients 
with  Hodgkin's  disease  has  been  purified  and  shown  to  be  a  glycol ipid.  At 
limiting  concentrations,  it  suppresses  PHA  responses  and  E-rosette  formation 
by  lymphocytes  from  Hodgkin's  disease  patients,  but  not  those  from  normal 
individuals. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Hodgkin's  disease  has  the  attributes  of  an  infectious  process.  This  project 
focuses  available  technology  to  detect  evidence  for  a  virus  etiology  in  this 
malignancy.  These  studies  may  provide  new  information  applicable  to  diagnosis, 
prognosis  and  treatment  of  Hodgkin's  disease. 

Proposed  Course:  This  project  will  continue. 

Date  Contract  Initiated:  April  1,  1974 

Current  Annual  Funding:  $225,000 
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STANFORD  UNIVERSITY  (N01-CP7-1052) 

Title:  In  Vitro  Study  of  the  Interrelationship  Between  RadLV  Infection  and 
Lymphocyte  Differentiation  in  C57B1/KA  Mice 

Contractor's  Project  Director:  Dr.  Henry  S.  Kaplan 

Project  Officer  (NCI):  Dr.  Steven  R.  Tronick 

Objectives:  To  study  the  differentiation-specific  restriction  system  of  RadLV 
lymphocyte  infection  in  C57B1/KA  mice. 

Major  Findings:  Thymocytes  have  been  separated  on  unit  gravity  gradients 
and  by  a  new  fluorescence  technique;  subpopulations  are  being  tested  for 
permissiveness  for  RadLV  replication. 

Macrophages  and/or  B- lymphocytes,  rather  than  prothymocytes,  appear  to  be 
the  major  permissive  target  cell  population  for  RadLV  infection  in  short-term 
bone  marrow  cultures. 

A  modification  of  the  Dexter  liquid  culture  system  for  long-term  mouse  bone 
marrow  cultivation  has  been  successfully  established. 

Supernatant  fluids  from  congenic  BL/1.1  (Thy  1.1)  mouse  bone  marrow  cultures 
harvested  5  days  after  RadLV  infection  were  rapidly  leukemogenic,  yielding 
lymphomas  of  recipient  genotype  within  3  weeks  after  intrathymic  inoculation 
of  C57BL/Ka  (Thy  1.2)  mice.  The  cell  lines  established  from  these  lymphomas 
were  viral  antigen-negative  non-producers,  but  thymotropic  virus  could  be 
recovered  from  them  by  lUdR  induction  or  superinfection  with  a  nonleukemogenic 
B-ecotropic  virus. 

Attempts  (thus  far  unsuccessful)  have  been  made  to  cultivate  and  transform 
C57BL/Ka  thymocytes  on  thymus  reticulo-epithelial  cell  monolayers  and  in 
T-cell  growth  factor. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
patterns  of  replication  and  oncogenic  activity  of  the  MuLV  endogenous  virus 
RadLV  in  C57B1/KA  mice  are  jointly  determined  by  the  virus  and  by  the  state 
of  differentiation  of  the  host  cells  in  which  it  is  induced  by  radiation  or 
which  it  infects  secondarily.  This  study  will  investigate  this  system  at  the 
molecular  level. 

Proposed  Course:  This  contract  terminated  August  14,  1980. 

Date  Contract  Initiated:  August  15,  1977 

Current  Annual  Funding:  $0  for  FY  80 

STANFORD  UNIVERSITY  (N01-CP9-1Q11) 

Title:  Isolation  and  Characterization  of  T  Lymphoma  Cells  and  Normal  Cell 
Receptors  for  Thymotropic  Murine  Oncornaviruses 
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Contractor's  Project  Director:  Dr.  Irving  L.  Weissman 

Project  Officer  (NCI):  Dr.  Mina  Lee  Vernon 

Objectives:  Develop  methods  for  the  isolation  of  T  lymphoma  receptors  for 
T-MuLV,  compare  the  receptors  from  several  T  lymphomas  which  bind  the  same 
T-MuLV  and  compare  receptors  from  a  single  tumor  having  the  capacity  to  bind 
several  different  T-MuLV's.  Compare  receptors  with  other  known  gene  products 
expressed  on  the  surface  of  murine  lymphocytes,  determine  if  T-MuLV  binding 
is  by  recognition  of  the  viral  env  gene  products  gp70  and  pl5E.  Compare 
T  lymphoma  receptor  specificity  with  peptide  maps  of  the  bound  ligands 
(e.g.  ,  gp70). 

Major  Findings:  After  testing  specific  approaches,  including  biophysical, 
biochemical,  and  immunochemical  techniques,  the  contractor  determined  the 
most  useful  approach  to  receptor  isolation  was  to  use  hybridoma  produced 
monoclonal  anti-lymphoma  antisera.  Rats  were  immunized  with  a  spontaneous 
AKR  thymic  lymphoma  of  defined  virus  receptor  specificity,  then  single 
antibody  forming  cells  from  the  immune  rat  spleen  were  hybridized  to  the 
non-secretor  myeloma  NS-1.  Over  50  clones  of  antibody  forming  cells  were 
isolated  whose  antibody  products  bound  to  the  surface  of  the  AKR  lymphoma, 
KKT-2.  Several  of  these  monoclonal  antibodies  were  characterized  as  to  the 
number  of  antibody  molecules  bound  per  cell  and  as  to  the  class  of  molecules 
recognized  on  the  cell  surface.  Four  monoclonal  antibodies  were  found  to 
inhibit  virus  binding  activity.  Three  of  the  four  antibodies  detected  surface 
determinants  which  almost  certainly  are  not  the  viral  receptors.  The  fourth 
antibody  detects  a  cell  surface  structure  which  has  antigenic  determinants 
in  common  with  mouse  immunoglobulin  variable  regions.  This  antibody  also 
detects  a  surface  component  and  it  caps  the  surface  structure  on  T  lymphoma 
cells  in  a  manner  strongly  reminiscent  of  immunoglobulin  capping  on  B  cells. 
The  three  monoclonal  antibodies  which  block  virus  binding  convert  lymphoma 
cells  from  the  phase  of  neoplastic  proliferation  to  small  non-proliferative 
cells  apparently  arrested  in  G^.  That  is,  the  monoclonal  antibodies  at 
concentrations  which  inhibit  virus  binding,  convert  these  T  leukemias  to 
a  normal  thymocytic  phenotype,  at  least  in  vitro,  in  that  they  die  after 
48  hours  in  tissue  culture.  This  reversal  of  neoplastic  proliferation 
can  be  prevented  by  preincubating  the  cells  with  viruses  which  bind  most 
specifically  to  their  receptors,  but  not  by  viruses  which  bind  less  avidly 
to  their  receptors.  The  monoclonal  antibody  which  detects  immunoglobulin 
variable  region  determinants  binds  to  most,  but  not  all,  other  normal  T  cells 
and  other  T  cell  lymphomas  in  our  collections.  Hybridoma  produced  monoclonal 
antibodies  directed  against  T  cell  surface  molecules  were  used  in  a  search 
for  antibodies  directed  against  receptor  moieties;  and  to  develop  an  i_n 
vitro  assay  for  the  specificity  and  relative  purity  of  biochemically  and 
biophysical ly  isolated  cell  surface  molecules  bearing  receptor  activity  for 
the  inducing  T-MuLV's.  A  monoclonal  antibody  was  found  which  blocked  virus 
binding,  inhibited  T  lymphoma  cell  growth,  and  saw  determinants  on  all 
T  cells  as  well  as  some  classes  of  immunoglobulin.  This  antibody  sees 
a  previously  unrecognized  determinant  on  the  Thy-1  molecule,  and  sees  in 
concert  a  cross  reactive  antigenic  determinant  on  the  variable  region  of 
a  few  mouse  immunoglobulins.  The  nature  of  the  cross-reacting  is  not  known 
but  under  investigation.  The  contractor  is  rescreening  their  hybridoma 
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library  to  define  other  virus  binding  inhibitory  antibodies,  and  testing 
known  antibodies  to  determinants  (such  as  Lyt-2)  recently  shown  to  be  present 
on  normal  T  lymphocytes,  and  involved  in  T  lymphocyte  effector  functions. 
A  plate  binding  assay  was  developed  for  lymphoma  cell  membrane  or  lymphoma 
shed  material  possessing  virus  binding  activity.  Supernatants  from  KKT-2 
cells  were  fractionated  on  Sephadex  G200  columns  and  binding  activity 
specific  for  homologous  virus  was  found  in  one  major  fraction  and  several 
minor  fractions:  activity  appeared  to  be  retained  by  the  major  fraction 
almost  exclusively  if  the  supernatants  were  prepared  from  cells  incubated 
in  the  presence  of  trasylol,  a  protease  inhibitor.  The  major  molecule 
present  in  this  initial,  crude  supernatant  Sephadex  fraction  appears  to 
migrate  with  an  R^  of  about  30,000  daltons  and  to  comi grate  with  markers 
of  approximately  90  to  100,000  daltons.  Further  analysis  with  other  methods 
of  separation  are  needed  to  resolve  this  apparent  paradox. 

The  monoclonal  antibody  project  has  revealed  two  new  cell  surface  receptors, 
neither  of  which  are  involved  in  virus  binding,  both  of  which  appear  to  be 
unique  cell  surface  representations  of  gag  cell  surface  gene  products.  Such 
molecules  are  present  at  concentrations  lower  than  the  major  cell  surface  gag 
glycoprotein,  and  the  two  monoclonal  antibodies  see  distinct  subsets  of  cell 
surface  gag  glycoproteins,  even  though  the  cell  line  itself  has  been  cloned 
and  recloned  several  times.  The  contractor  concluded  that  there  may  be 
considerable  heterogeneity  of  viral  messages  on  cloned  T  lymphoma  lines; 
whether  this  indicates  heterogeneity  of  inducing  viruses  or  heterogeneity 
of  processing  of  viral  messages  (or  included  host  messages)  is  still  unclear. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  It  has 
been  determined  that  the  envelope  protein  of  the  virion  is  the  virus  receptor 
molecule;  specific  antibody  to  this  protein  may  prevent  development  of  cancer. 
However,  the  cooperating  receptor  molecule  has  not  been  identified.  Informa- 
tion relevant  to  the  initial  virus-cell  interaction  is  basic  to  determining 
the  complete  course  of  events  leading  to  malignant  transformation. 

Proposed  Course:  This  contract  will  continue. 

Date  Contract  Initiated:  December  15,  1978 

Current  Annual  Funding:  $111,950 

TEXAS,  UNIVERSITY  OF  (N01-CP6-1017) 

Title:  Biosynthesis  of  Oncorna  Proteins  in  Mouse  and  Human  Cells 

Contractor's  Project  Director:  Dr.  Ralph  B.  Arlinghaus 

Project  Officer  (NCI):  Dr.  Takis  S.  Papas 

Objectives:  To  study  the  synthesis  and  processing  of  murine  leukemia  virus 
proteins  in  mouse  and  human  cells. 

Major  Findings:  A  molecule  of  approximately  40,000  daltons  has  been  par- 
tially purified  from  Rauscher  murine  leukemia  virus  (R-MuLV).  The  40,000 
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dalton  protein  (p40®"  )  was  purified  by  DEAE-Sepharose  and  CM-Sepharose 
chromatography  followed  by  glycerol  gradient  centrifugation.  A  DNA  endo- 
nuclease  activity  was  associated  with  the  40,000  dalton  protein  throughout 
purification  and  possessed"  no  detectable  RNA  dependent  DNA  polymerase 
activity.  R-MuLV  derived  endonuclease  was  found  to  cleave  PM2  DNA  at  pre- 
ferred sites.  The  b40  ?   tryptic  peptide  elution  profiles  were_compared 
to  those  of  Pr2009^9-poi_  Previous  work  has  shown  that  PrZOO^  ^  ^     , 
a  polyprotein  precursor  of  R-MuLV  reverse  transcriptase,  contains  extra 
methionine  tryptic  peptides  not  related  to  viral  core  proteins  or  reverse 
transcriptase.  Two  of  these  extra  methionine  containing  tryptic  peptides 
found  in  Pr200^^^~'^°\   were  also  found  in  p40    .  The  contractor  thus 
concluded  that, o40^"^°  is  most  probably  formed  by  synthesis  and  cleav^gej^^^ 
of  PrZOQ^^  ,P       through  virus  intermediate  RT  precursors  Prl45^      , 
p^^35^HV-endo  ^^^  p^^^sP^^^"^^ 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  Oncorna- 
viruses cause  some  types  of  cancer  in  many  different  animal  species.  By  in- 
ference, one  may  assume  that  a  viral  etiology  also  exists  for  some  types  of 
cancer  in  man.  In  animal  cells,  viral  information  is  often  incomplete  or 
incompletely  expressed  so  that  virus  particles  may  not  be  assembled  in  some 
tissues.  Similarly,  in  some  human  cancers,  oncogenic  viral  information  may 
be  only  partially  expressed,  accounting  for  the  difficulty  in  establishing 
evidence  for  a  viral  etiology  of  human  cancer. 

Proposed  Course:  This  contract  terminated  November  30,  1979. 

Date  Contract  Initiated:  January  1,  1976 

Current  Annual  Funding:  $0  for  FY  80 

VIRGINIA,  UNIVERSITY  OF  (N01-CP7-1056) 

Title:  Physical  and  Biochemical  Mapping  of  the  Integration  Sites  of  Avian 
Sarcoma  Virus 

Contractor's  Project  Director:  Dr.  J.  Thomas  Parsons 

Project  Officer  (NCI):  Dr.  Gordon  Hager 

Objectives:  To  utilize  DNA  restriction  endonucl eases  to  identify  and  quanti- 
tate  the  site(s)  of  integration  of  avian  sarcoma  virus  (ASV)  provirus  DNA  in 
duck  cells  and  mouse  cells  transformed  by  ASV. 

Major  Findings:  Using  restriction  endonucleases,  agarose  gel  electrophoresis, 
southern  blotting  and  hybridization  with   P-labeled  cDNA  probes,  the  con- 
tractor has  examined  the  cellular  integration  sites  in  cloned  populations  of 
ASV-transformed  duck  embryo  cells  and  quail  embryo  cells.  Individual  clones 
of  ASV- infected  cells  were  found  to  contain  multiple  copies  of  integrated 
viral  DNA;  viral  DNA  sequences  were  shown  to  re- integrate  during  outgrowth 
of  individual  clones;  and  some  clones  contained  unintegrated  viral  DNA  present 
as  linear  and  circular  DNA.  The  contractor  suggested  that  the  multiple  inte- 
gration sites  observed  in  these  cells  are  a  result  of  a  primary  integration 
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event  followed  by  reintegration  of  viral  DNA  sequences  during  cell  growth. 
Recombinant  DNA  techniques  were  used  to  isolate  a  complete  copy  of  the  ASV 
proviral  DNA.  The  arrangement  of  these  sequences  within  the  lambda  vector 
appeared  to  be  col i near  with  the  viral  RNA. 

The  location,  specificity  and  stability  of  integrated  ASV  DNA  sequences  was 
examined  in  a  variety  of  transformed  and  revertant  mammalian  cells.  Restric- 
tion analysis  of  ASV-transformed  rat  cells  and  their  revertant  counterparts 
revealed  no  extensive  change  in  the  integrated  viral  genomes  upon  phenotypic 
reversion.  Analysis  of  several  clones  of  ASV-transformed  mouse  cells  over  a 
three  year  period  also  revealed  no  extensive  changes  in  integrated  viral  DNA 
sequences.  The  contractor  concluded  that  viral  DNA  sequences  present  in  an 
integrated  state  in  mammalian  cells  are  stably  integrated. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  Recent 
advances  in  DNA  restriction  enzyme  technology  and  DNA  fragment  separation 
techniques  now  provide  methods  by  which  viral  DNA  fragments  can  be  selectively 
separated  from  a  large  part  of  the  host  cell  DNA.  This  study  has  considered 
the  problem  of  biochemical  identification  and  purification  of  integrated 
oncogenic  viral  sequences  in  cellular  DNA. 

Proposed  Course  :  This  contract  terminated  March  15,  1980. 

Date  Contract  Initiated:  September  1,  1977 

Current  Annual  Funding:  $0  for  FY  80 
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SUMMARY  REPORT 


SPECIAL  PROJECTS 


The  Special  Projects  Contract  area  is  concerned  with  research  to  determine 
whether  viruses  are  etiologically  involved  in  human  mammary  gland  malignancies, 
to  isolate  and  characterize  type  C  viruses  from  spontaneous  malignancies  of 
nonhuman  primates,  and  to  evaluate  chemoimmunotherapeutic  measures  in  tumor- 
bearing  animals  using  viral  inhibitors  to  determine  the  best  means  of  control- 
ling the  oncogenic  virus  and  tumor  induction.  The  approach  used  for  all 
experimentation  has  been  to  study  several  animal  model  systems  for  evidence  of 
viral  carcinogenesis.  Such  animal  studies  are  necessary  for  developing 
reagents,  techniques  and  new  approaches  that  might  be  applicable  to  studies 
concerning  the  etiology  and  control  of  human  cancer. 

Mouse  Mammary  Tumor  Virus  System.  At  the  present  time,  breast  cancer  is  known 
to  be  caused  by  a  virus  in  only  one  animal  species,  the  mouse.  The  majority  of 
projects  concerning  breast  cancer  utilize  the  mouse  mammary  tumor  virus 
(MuMTV)-mouse  model  system  for  a  variety  of  studies  including  MuMTV  repli- 
cation and  expression,  MuMTV  biology  and  characterization,  host  responsiveness 
to  MuMTV-induced  tumors,  effect  of  viral-chemical  interaction  and  the  pre- 
vention of  MuMTV-induced  tumors.  The  expression  and  function  of  each  mouse 
mammary  tumor  virus  is  influenced  by  many  factors  (genetic,  hormonal,  environ- 
mental) operating  within  and  on  each  mouse.  Several  projects  are  investigating 
the  effects  of  environmental  factors  on  endogenous  MuMTV  expression  in  low 
mammary  strains  of  mice.  BALB/c  and  BALB/cfC3H  mice  were  treated  with  low 
doses  of  7,  12  dimethyl benzanthracene  (DMBA)  in  order  to  induce  mammary  tumors 
with  long  latent  periods.  Low  levels  of  MuMTV  RNA  were  detected  in  14  of  22 
(64%)  BALB/c  tumors  and  low  to  intermediate  levels  in  17  of  29  (59%)  BALB/cfC3H 
tumors.  MuMTV-specific  proteins  were  detected  by  immunohistochemical  (PAP) 
tests  in  most  of  the  viral  RNA-containing  BALB/cfC3H  tumors,  but  not  in  BALB/c 
tumors  with  detectable  levels  of  MuMTV  RNA.  These  observations  raise  the 
question  of  the  nature  of  the  MuMTV  sequences  expressed  in  some  BALB/c  tumors. 

A  pituitary  isograft  in  combination  with  DMBA  enhanced  the  frequency  of  mammary 
tumor  induction  in  both  BALB/c  and  BALB/cfCSH  mice.  The  expression  of  MuMTV 
in  tumors  from  animals  given  an  isograft  was  enhanced.  Tumors  induced  in 
BALB/c  mice  with  low  doses  of  DMBA  appeared  later  and  more  frequently  expressed 
MuMTV  information  than  tumors  induced  by  standard  doses  of  DMBA.  Similarly, 
virus  expression  was  more  common  in  late-appearing  BALB/cfCSH  tumors.  Tumors 
were  also  induced  in  BALB/c  animals  by  whole-body  irradiation  and/or  urethan 
treatment.  A  low  tumor  incidence  resulted  (09%).  Negligible  or  very  low 
levels  of  MuMTV  RNA  were  expressed  in  those  tumors  with  no  viral  proteins 
detected. 

Another  study  involving  environmental  factors  examined  the  mechanisms  of  tumor 
onset  after  the  administration  of  contraceptive  hormones.  The  study  focused  on 
distinguishing  genetically  [MuMTV(O)]  from  nongenetically  [MuMTV(S)]  trans- 
mitted MuMTV  in  RNA's  in  neoplastic  BALB/c  mammary  tumors.  The  MuMTV  RNA  in 
both  premalignant  tissues  and  tumors  induced  by  contraceptive  hormones,  in- 
dependent of  the  stem  cell  of  origin  within  the  normal  gland,  was  MuMTV(O) 
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RNA.   Studies  have  been  initiated  to  define  the  changes  in  MuMTV  proviral  DNA 
that  characterize  initiated  (premalignant)  cells  using  restriction  endonucle- 
ases.  Two  kinds  of  changes  in  premalignant  alveolar  hyperplasias  have  been 
observed.  One  is  an  amplification  of  genetically  transmitted  MuMTV  [MuMTV(O)] 
sequences  without  internal  sequence  rearrangement.  The  other  change  is  ampli- 
fication coincident  with  internal  sequence  ajprangement.  To  date,  the  data 
suggest  that  the  internal  arrangement  (Pst  1  )  does  not  necessarily  confer  on 
mammary  cells  a  neoplastic  growth  phenotype.  Sequence  amplification,  on  the 
other  hand,  has  been  observed  in  every  cloned  tumorigenic  cell  examined. 

The  progression  of  breast  lesions  in  rodent  and  man  may  be  envisioned  as  a  two 
step  process:  1)  nodule  transformed  cells  arise  in  normal  mammary  tissue  and 
emerge  as  hyperplastic  alveolar  nodules  (HAN),  and  2)  tumor  transformed  cells 
arise  in  HAN  and  emerge  as  mammary  tumors.  By  serially  transplanting  the 
preneoplastic  HAN  in  mammary  fat  pads,  a  number  of  hyperplastic  outgrowth 
(HPO)  lines  from  BALB/c  mice  have  been  established.  The  HPO  lines  available 
have  different  tumorigenic  potential  and  provide  sufficient  tissue  to  enable 
researchers  to  determine  the  role  of  viruses,  hormones,  and  chemicals  as 
inducers  of  the  preneoplastic  and  malignant  states.  New  outgrowth  lines  are 
being  developed  from  five  strains  of  mice  with  either  low,  medium  or  high  tumor 
incidence.   Each  outgrowth  line  will  be  characterized  using  biological  and 
virological  parameters. 

Human  System.  The  search  for  viral  association  with  human  breast  malignancies 
has  intensified.  Growing  evidence  indicates  that  antibodies  can  be  detected 
in  breast  cancer  patients  that  react  with  antigen(s)  apparently  related  to  the 
gp52  component  of  MuMTV.  These  antibodies  appear  in  early  stages  of  the 
disease  which  makes  possible  the  detection  of  breast  cancer  by  immunological 
techniques  when  it  is  still  localized  and  controllable.  At  present,  the  best 
method  for  detecting  the  human  antigen  appears  to  be  the  radioimmunoassay 
(RIA)  as  virtually  no  human  breast  tumors  gave  a  negative  reaction  in  RIA  for 
the  presence  of  the  protein  that  crossreacts  with  MuMTV  gp52.  Even  with  its 
high  degree  of  sensitivity  and  specificity  the  RIA  has  a  number  of  drawbacks 
for  routine  use  in  a  clinical  laboratory,  among  them,  the  need  for  highly 
purified  and  costly  reagents.  Therefore,  the  search  for  an  inexpensive  sensi- 
tive assay  continues.  The  enzymel inked  immunoabsorbent  assay  (ELISA)  and 
fluorescent  polarization  have  been  as  sensitive  as  the  RIA  in  detecting  MuMTV 
gp52  antigen  in  the  plasma  of  tumored  mice  and  with  much  greater  rapidity. 
Comparisons  are  now  being  made  in  the  human  system. 

Several  ongoing  studies  utilizing  two  different  methods  of  detection  are  in  the 
process  of  determining  the  distribution  of  the  gp52-related  antigen  in  human 
mammary  tumors  as  a  function  of  geography,  pathology,  family  history,  and 
age.  Utilizing  the  indirect  immunoperoxidase  assay,  a  survey  of  patient  mate- 
rial from  different  countries  showed  that  the  level  of  positivity  appeared  to 
be  significantly  lower  (23.5%)  in  the  Far  East  and  significantly  higher  (72.5%) 
in  the  Middle  East  populations.   The  general  pattern  of  the  distribution 
of  positives  in  the  new  American  cases  (46.3%)  has  not  changed.  Studies  to 
identify  any  clinical  parameters  of  the  disease  which  affect  the  frequency  and 
level  of  the  observed  positive  responses  in  the  tumor  sections  indicated  that 
the  combined  intraductal  and  invasive  histological  type  yields  the  highest 
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percentage  of  positives.  It  was  also  found  that  the  positivity  increased  when 
patients  had  a  family  history  of  breast  cancer.  The  indirect  immunoperoxidase 
test  proved  to  be  very  specific  as  only  one  parotid  gland  tumor  gave  a  positive 
result  along  with  several  "apocrine  hyperplasias.  However, the  latter  reactions 
were  eliminated  when  the  deglycosylated  gp52  antigen  was  used. 

Studies  utilizing  a  simplified  radiosotope  leukocyte  adherence  inhibition 
(51Cr-LAI)  assay  were  performed  to  assess  tumor-associated  immune  response  in 
patients  with  cancer  of  the  breast.  Lymphocytes  were  obtained  from  46  pre- 
operative and  42  post-operative  patients  with  breast  lesions,  both  benign  and 
malignant.  Patients  with  localized  breast  carcinoma  showed  significant  inhibi- 
tion of  leukocyte  adherence  (21-58%)  in  the  presence  of  autologous  and  normal 
serum  in  response  to  human  breast  cancer  antigens,  MuMTV  and  gp52.  Conversely, 
31  control  subjects,  19  patients  with  benign  lesions  or  25  individuals  with 
unrelated  neoplasms  did  not  respond  to  the  breast  antigens.  In  advanced 
human  breast  cancer  (Stage  IV)  abrogation  of  breast  cancer  related  antigenic 
recognition  was  apparent  in  the  presence  of  autologous  serum  (10-100%)  but  not 
in  the  serum  from  normal  individuals  with  AB  type  blood.  The  presence  of 
normal  AB  serum  prevented  non-specific  LAI  responses  to  unrelated  tumor  anti- 
gens. These  results  demonstrate  the  usefulness  of  the  51cr-LAI  assay  in 
monitoring  serum  blocking  factors.  The  51CR-LAI  assay  reflected  the  responsive- 
ness of  the  patients'  lymphocytes  to  antigen(s)  isolated  from  human  breast 
cancer  with  a  high  degree  of  frequency  and  remarkable  specificity. 

A  protein  of  50,000  daltons  from  a  human  breast  cancer  cell  line  (47D)  that 
cross  reacts  with  MuMTV  gp52  has  been  isolated.  An  indistinguishable  protein 
has  also  been  identified  in  fractions  prepared  from  fresh  breast  tumor  mate- 
rial. A  surprising  finding  is  the  indication  that  the  protein  in  the  human 
particle  is  found  in  the  core  rather  than  in  the  external  envelope.  Bio- 
chemical studies  with  the  deglycosylated  MuMTV  gp52  indicate  that  a  peptide  of 
approximately  2,000  daltons  apparently  exhibited  the  cross  reactivity  with  the 
human  breast  cancer  specific  antigen. 

Chemoprevention.  Evidence  suggests  that  in  acute  leukemia,  breast  cancer  and 
Burkitt's  lymphoma,  late  relapse  may  actually  be  disease  reinduction  due  to 
persistence  of  the  factors  initially  associated  with  the  disease.  If  there  is 
a  viral  etiology  for  these  tumors  in  the  human,  it  would  be  important  to 
obtain  methods  of  permanently  controlling  the  virus  while  chemotherapy  or 
immunotherapy  are  used  to  control  the  tumor  itself.  In  vitro  studies  with  human 
lymphoblastic,  leucocytic  and  fibroblastic  interferons  were  found  to  have  a 
marked  antiviral  activity  on  the  replication  of  Herpesvirus  saimiri  and 
Herpesvirus  ateles  when  used  at  a  concentration  of  500  lU/ml  or  greater  but 
only  minimally  against  two  neurotropic  viruses,  viz.  Herpesvirus  platyrrhine 
and  Herpesvirus  simplex.  All  three  interferons  were  equally  effective  as 
antiviral  agents  against  the  oncogenic  herpesviruses. 
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CONTRACT  REPORTS 

SPECIAL  PROJECTS 

Dr.  Garrett  Keefer 

ALABAMA.  UNIVERSITY  OF  (N01-CP7-1013) 

Title:  In  Vitro  Transforming  Potential  of  MPMV 

Contractor's  Project  Director:  Dr.  Eric  Hunter 

Project  Officer  (NCI):  Dr.  Robert  Bassin 

Objectives:  To  determine  the  role  of  Mason-Pfizer  monkey  virus  (MPMV) 
in  the  transformation  of  primate  and  human  cells. 

MAJOR  FINDINGS:  Utilizing  a  sensitive  microtiter  radioimmune  assay  system 
developed  in  this  laboratory  the  contractor  has  initiated  a  screening 
program  for  temperature  sensitive  mutants  of  M-PMV  that  are  defective  in 
replication.  Preliminary  studies  indicate  that  the  optimum  permissive  and 
non-permissive  temperatures  are  35  C  and  39.8  C.  Three  mutant  clones  have 
been  isolated  thus  far  that  appear  to  have  a  replication  efficiency  of 
less  than  0.01  at  39.8  C.  Screening  for  further  mutants  and  characteriza- 
tion of  those  identified  is  ongoing. 

Pretreatment  of  human  cells  with  a  purified  preparation  of  human  inter- 
feron inhibits  multinucleate  cell  induction  by  M-PMV  greater  than  99%. 
The  inhibition  is  due  to  the  antiviral  state  induced  by  interferon  rather 
than  a  direct  inhibitory  effect  of  the  preparation,  since  pretreatment  of 
susceptible  rhesus  cells  with  the  same  or  higher  levels  of  interferon  had 
no  effect  on  syncytium  formation.  This  result  is  consistent  with  cell 
fusion  requiring  translation  of  input  viral  RNA. 

Preinfection  of  susceptible  target  cells  at  low  multiplicities  with  M-PMV 
results  in  the  establishment  of  chronically  infected  cells  that  show 
various  degrees  of  resistance  to  fusion  by  the  'D'  type  viruses.  The  'D' 
type  viruses  thus  probably  use  a  common  receptor  complex  for  entry  into 
the  cell.  Reciprocal  interference  has  also  been  observed  between  the  'D' 
type  viruses  and  some  primate  'C  type  viruses  (RD114  and  the  baboon 
endogenous  virus)  but  not  with  a  xenotropic  mouse  virus  (BALB/2).  Such 
results  are  consistent  with  immunological  cross  reactions  observed  between 
the  'D'  and  'C  type  virus  glycoproteins,  and  suggest  structural  similari- 
ties in  the  cell  surface  receptor  for  these  viruses. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
MPMV,  isolated  from  a  breast  tumor  in  a  female  rhesus  monkey,  is  an  import- 
ant primate  retrovirus  since  it  is  infectious  for  both  primate  and  human 
cells.  Since  preliminary  data  indicate  that  MPMV  can  cause  malignant 
transformation  of  rhesus  cells  in  culture,  this  putative  carcinoma  virus 
is  an  ideal  candidate  for  studying  those  viral  genes  that  may  be  involved 
in  cellular  transformation  and  carcinoma  formation.  An  understanding  of 
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the  mechanisms  of  viral -induced  primate  amd  human  cell  transformation  will 
clearly  be  useful  in  the  development  of  improved  treatment  and  possibly 
prevention  and  control  of  breast  cancer  in  humans. 

Proposed  Course:  This  contract  terminates  September  19,  1980. 

Date  Contract  Initiated:  September  20,  1977 

Current  Annual  Level:  No  funding  in  FY80 

BAYLOR  COLLEGE  OF  MEDICINE  (N01-CP4-3385) 

Title:  Regulation  of  Gene  Expression  in  Mouse  Mammary  Cancer 

Contractor's  Project  Director:  Dr.  Susan  H.  Socher 

Project  Officer  (NCI):  Dr.  Steven  Tronick 

Objectives:  Examine  the  regulation  of  gene  expression  in  cells  using 
murine  mammary  tumor  virus  (MuMTV)  RNA  and  casein  mRNA  as  specific  markers 
of  gene  function  in  mouse  mammary  tissue.  Analyze  the  expression  of 
these  individual  genes  in  normal  mammary  tissues,  preneoplastic  alveolar 
nodules  and  mammary  tumors  in  both  MuMTV-positive  and  MuMTV-negative  lines 
of  mice.  Quantitate  levels  of  MuMTV  and  casein  RNA  sequences  in  RNA 
extracts  isolated  from  these  tissues  by  means  of  hybridization  to  cDNA 
probes  selective  for  MuMTV  and  casein  MRNA.  Specific  emphasis  is  being 
placed  on  the  mechanisms  by  which  hormones  modulate  transcription  of  the 
genes. 

Major  Findings:  The  organization  of  MuMTV-specific  DNA  sequences  was 
examined  in  preneoplastic  mammary  lesions  and  mammary  tumors  induced  by 
treatments  with  chemical  carcinogens  by  use  of  restriction  endonuclease 
mapping  techniques.  In  one  preneoplastic  line  and  two  tumor  lines, 
additional  MuMTV  DNA  fragments  were  observed  that  were  not  detected  in 
BALB/c  livers  or  spontaneous  tumors.  The  presence  of  additional  MuMTV 
fragments  did  not  correlate  with  the  steady  state  level  of  MuMTV  RNA  in 
the  mammary  lesions  examined. 

The  ability  of  a  number  of  peptide  and  steroid  hormones  to  influence  the 
steady  state  level  of  MuMTV  RNA  in  hyperplastic  alveolar  molecules  and  in 
tumors  from  the  D2  line  was  examined  vn   vitro.  Of  the  hormones  tested, 
only  exposure  to  the  glucocorticoid  hydrocortisone  resulted  in  increased 
levels  of  MuMTV  RNA.  These  data  confirmed  earlier  J_n  vivo  observations 
and  demonstrated  that  glucocorticoids  act  directly  on  mammary  tissue  to 
influence  endogenous  MuMTV  expression. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Considerable  evidence  suggests  that  control  of  the  inherited  mouse  mammary 
tumor  virus  genome  occurs  at  the  level  of  DNA  transcription  to  RNA.  These 
studies  are  designed  to  obtain  an  increased  understanding  of  the  regula- 
tory mechanisms  of  the  effects  of  hormones  in  differentiation  and  on  the 
regulation  of  viral  and  nonviral  genes  involved  in  carcinogenesis. 
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Proposed  Course:  This  contract  terminated  May  31,  1980 
Date  Contract  Initiated:  June  26,  1974 
Current  Annual  Level:  No  funding  in  FY  80 

BAYLOR  COLLEGE  OF  MEDICINE  (N01-CP8-1006) 

Title:  Effects  of  Environmental  Factors  on  Endogenous  MuMTV  Expression 
in  Low  Mammary  Strains  of  Mice 

Contractor's  Project  Director:  Dr.  Janet  S.  Butel 

Project  Officer  (NCI):  Dr.  Yoshio  Teramoto 

Objectives:  To  induce  MuMTV  expression  and  mammary  tumor  development  in 
mice  having  a  low  incidence  of  spontaneous  mammary  neoplasms  by  the  use  of 
chemical  carcinogens  and  x- irradiation. 

Major  Findings:  BALB/c  and  BALB/cfC3H  mice  were  treated  with  low  doses  of 
di methyl benzanthracene  (DMBA)  in  order  to  induce  mammary  tumors  with  long 
latent  periods.  Low  levels  of  MuMTV  RNA  were  detected  in  14  of  22  (64%) 
BALB/c  tumors  and  low  to  intermediate  levels  in  17  of  29  (59%)  BALB/cfCSH 
tumors.  MuMTV-specific  proteins  were  detected  by  immunohistochemical 
(PAP)  tests  in  most  of  the  viral  RNA-containing  BALB/cfCSH  tumors,  but  not 
in  BALB/c  tumors  with  detectable  levels  of  MuMTV  RNA.  These  observations 
raise  the  question  of  the  nature  of  the  MuMTV  sequences  expressed  in  some 
BALB/c  tumors. 

A  pituitary  isograft  in  combination  with  DMBA  enhanced  the  frequency  of 
mammary  tumor  induction  in  both  BALB/c  and  BALB/cfCSH  mice.  The  ex- 
pression of  MuMTV  in  tumors  from  animals  given  an  isograft  was  enhanced. 
Tumors  induced  in  BALB/c  mice  with  low  doses  of  DMBA  appeared  later  and 
more  frequently  expressed  MuMTV  information  than  tumors  induced  by  stan- 
dard doses  of  DMBA  (6  mg).  Similarly,  virus  expression  was  more  common  in 
late-appearing  BALB/cfCSH  tumors.  Tumors  were  also  induced  in  BALB/c 
animals  by  whole-body  irradiation  and/or  urethan  treatment.  A  low  tumor 
incidence  resulted  (0-9%).  Negligible  or  very  low  levels  of  MuMTV  RNA 
were  expressed  in  those  tumors  with  no  viral  proteins  detected. 

While  most  "virus-positive"  tumors  from  both  BALB/c  and  BALB/cfCSH  mice 
were  mammary  adenocarcinomas,  a  portion  of  the  adenocanthomas  were  found 
to  contain  significant  levels  of  viral  RNA. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  It 
IS  well  known  that  hormones,  chemicals  and  ionizing  irradiation  may 
enhance  the  development  of  cancer.  These  same  factors  also  seem  to  in- 
fluence expression  of  oncogenic  RNA  tumor  viruses  and  host  cell  trans- 
formation. Knowledge  of  the  extrinsic  factors  which  can  affect  viral  gene 
activation  may  provide  information  leading  to  the  control  of  neoplasia. 
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Proposed  Course:  Chemical  carcinogens  and  x- irradiation  will  be  employed 
singly  and  in  combination  to  activate  or  derepress  endogenous  MuMTV  ex- 
pression. Manipulations  with  these  environmental  factors  will  be  per- 
formed ij2  vivo  at  different  stages  of  mammary  gland  development  and  on 
cells  in  culture.  Observed  changes  in  virus  expression  or  cellular 
properties  will  be  correlated  with  the  incident  of  mammary  tumor 
development  and  transplantability  ^n   vivo. 

Date  Contract  Initiated:  January  13,  1978 

Current  Annual  Level:  $156,442 

BAYLOR  COLLEGE  OF  MEDICINE  (N01-CP9-1Q2Q) 

Title:  Induction  and  Control  of  MuMTV  Expression  in  Mouse  Mammary 
Preneoplastic  Tissues 

Contractor's  Project  Director:  Dr.  Janet  Bute! 

Project  Officer  (NCI):  Dr.  Yoshio  Teramoto 

Objectives:  To  investigate  the  induction  and  control  of  MuMTV  expression 
in  mouse  mammary  preneoplastic  tissues  as  a  model  system  for  developing 
concepts,  techniques  and  reagents  which  can  be  applied  to  precancerous 
human  mammary  tissues. 

Major  Findings:  During  the  first  year  of  this  contract  effort  new  out- 
growth lines  are  in  the  process  of  being  developed  from  three  low  tumor 
incidence  mouse  strains.  Animals  from  strains  C3H/StWi  and  (C57B1  x 
DBAf)Fi  have  received  pituitary  isografts  and  are  being  held  for  one  year 
before  their  mammary  glands  are  examined,  for  primary,  hyperplastic 
alveolar  nodules  (HAN).   In  the  BALB/cVo  strain  which  expresses  the 
putative  endogenous  MuMTV,  primary  HAN  have  been  transplanted.  Eight 
different  HAN  lines  are  in  the  process  of  being  established  from 
DMBA-treated  or  pituitary-isograft-bearing  BALB/cVo  animals.  The  Cl-Sl 
tissue  culture  cell  subline  derived  from  the  BALB/c  D-1  HAN  line  has  been 
obtained  for  use  in  ni  vitro  experiments. 

Antisera  are  being  prepared  in  rabbits  against  intact  and  disrupted 
MuMTV(C3H),  as  well  as  MuMTV  purified  polypeptides.  These  antisera  will 
be  utilized  to  detect  MuMTV  expression  in  treated  HAN  cultures.  Milk  fat 
globule  immunogen  is  being  prepared  from  BALB/c  mouse  milk  preparatory  to 
immunization  of  rabbits  to  raise  mammary  epithelial  cell-specific 
antibody. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Recent  reports  indicate  that  small  atypical  lesions,  similar  to  the 
hyperplastic  nodules  in  murine  mammary  cancer,  exist  in  the  dysplastic  and 
carcinoma-in-situ  cells  of  the  human  breast  and  that  hyperplastic  regions 
of  the  human  mammary  gland  appear  to  contain  an  antigen  that  demonstrates 
cross-reactivity  with  the  glycoprotein  (gp52)  of  MuMTV,  therefore,  it 
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would  be  worthwhile  to  investigate  the  induction  and  control  of  MuMTV 
expression  in  mouse  mammary  preneoplastic  tissues  as  a  model  system  which 
can  then  be  applied  to  a  understanding  of  precancerous  human  mammary 
tissues. 

Proposed  Course:  Efforts  will  continue  to:  conduct  virological  investi- 
gations to  propagate  sufficient  quantitites  of  hyperplastic  alveolar 
nodules  (HAN)  tissues  (or  outgrowth  lines)  in  selected  MTV-positive  and 
MTV-negative  BALB/c  and  other  mouse  strains;  detect  and  quantitate  levels 
of  MuMTV  expression  in  HAN  tissues  of  varying  tumorgenicities  in  selected 
mouse  strains;  and  attempt  to  alter  virus  expression  in  HAN  tissues  with 
immunological  reagents,  chemicals  and/or  hormones  in  efforts  to  define 
regulatory  controls  which  may  determine  functions  of  viral  components 
during  mammary  tumori genesis. 

Date  Contract  Initiated:  September  1,  1979 

Current  Annual  Level:  $164,090 

CALIFORNIA,  UNIVERSITY  OF,  DAVIS  (N01-CP3-3242) 

Title:  Comparative  Leukemia  and  Sarcoma  Viral  Studies 

Contractor's  Project  Director:  Dr.  Thomas  G.  Kawakami 

Project  Officer  (NCI):  Dr.  Garrett  Keefer 

Objectives:  To  detect,  isolate  and  characterize  type  C  viruses  from 
spontaneous  malignancies  of  primates  and  humans. 

Major  Findings:  Efforts  were  continued  to  study  the  biology  of  the  in- 
fectious primate  type  C  virus  in  gibbons  and  to  define  these  agents  based 
on  the  examination  of  the  viral  genome.  A  gibbon  (HLA-78),  experimentally 
inoculated  with  third  passage  cell-free  virus  inoculum,  developed  myelopro- 
liferative disease  after  a  latency  of  15  months.  The  animal  developed 
multifocal  bone  lesions  and  tumorous  growths.  The  tumors  were  myelofibro- 
mas  involving  soft  tissue  and  bone.  Monolayer  cell  cultures  that  were 
initiated  from  the  tumor  mass  are  spindle  shaped  or  round  which  suggests 
that  the  cells  are  morphologically  altered.  The  bone  marrow  was  highly 
cellular  with  granulocytes  predominating.   Although  the  animal  was 
viremic  during  the  development  of  myeloproliferative  disease,  infectious 
virus  titer  decreased  as  the  disease  progressed  and  was  not  detectable 
until  the  animal  expired. 

Two  nonviremic  gibbons,  one  of  which  is  antibody  positive  and  the  other 
with  antibody  response  to  GaLV,  were  showing  increased  leukocyte  counts. 
One  animal  has  predominantly  granulocytes  and  an  increased  number  of 
monocytes  and  was  showing  the  hematological  changes  of  a  preleukemic 
animal.  The  B-  and  T-lymphocyte  population  and  lymphocyte  function,  as 
measured  by  ADCC  and  mitogen  stimulation,  was  not  altered  in  viremic  nor 
in  leukemic  animals. 
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The  GaLV  is  composed  of  replication-competent  and  -defective  viruses  that 
can  transform  lymphocytes  and  fibroblasts.  The  molecular  hybridization 
data  indicate  that  GaLV  genomic  sequences  consist  of  disease-specific 
sequences  in  addition  to  common  and  unique  sequences.  Examination  of 
human  lymphocytic  leukemic  tissues  for  GaLV  disease-specific  sequences 
indicates  that  these  tissues  have  sequences  that  hybridize  with  GaLV  "LYM" 
sequences  but  not  with  "MYE"  sequences. 

Four  antibody  positive  experimental  animals  which  are  clinically  healthy, 
have  shown  increased  modulation  of  their  leukocyte  values.  These  animals 
might  be  showing  early  changes  of  nonproductive  leukemia. 

The  gibbon  colony  now  consists  of  54  animals.  Four  newborns  were  added  to 
the  colony  during  the  report  period  and  6  pregnant  gibbons  should  be 
delivered  by  the  next  report.  Electroejaculation  is  being  used  to  artifi- 
cally  inseminate  non-compatible  females  and  to  develop  a  gibbon  genetic 
pool  for  future  breeding. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  This 
gibbon  colony  offers  a  unique  opportunity  for  the  study  of  type  C  virus- 
associated  leukemias  spontaneously  occurring  in  an  ape.  The  virus 
materials  obtained  may  be  important  as  probes  for  the  detection  of  cross- 
reactive  components  in  human  cancer  tissues.  Comparative  study  of  normal 
animals  with  those  that  develop  disease  provides  opportunity  to  obtain 
some  insight  into  host  factors  related  to  expression  of  disease. 

Proposed  Course:  This  contract  terminates  December  31,  1980. 

Date  Contract  Initiated:  November  1,  1969 

Current  Annual  Level:  $343,702 


UNIVERSITY  OF  CALIFORNIA,  DAVIS  (NOl-CPO-1008) 

Title:  Induction  and  Control  of  MuMTV  Expression  in  Mouse  Mammary 
Preneoplastic  Tissues 

Contractor's  Project  Director:   Dr.  Robert  D.  Cardiff 

Project  Officer  (NCI):  Dr.  David  Colcher 

Objectives:  To  investigate  the  induction  and  control  of  MuMTV  expression 
in  mouse  mammary  preneoplastic  tissues  as  a  model  system  for  developing 
concepts,  techniques  and  reagents  which  can  be  applied  to  precancerous 
human  mammary  tissues. 

Major  Findings:  Since  the  inception  of  this  contract  effort  in  October 
1979,  the  contractor  has  initiated  hyperplastic  alveolar  nodules  from 
BALB/c  NIV,  BALB/cfC3H,  and  C3H  animals.   In  addition,  they  have  estab- 
lished colonies  of  GR,  GR-MTV-2-C3Hf  and  C57BL  mice  in  their  laboratory. 
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As  the  colonies  are  enlarged,  outgrowths  from  each  of  these  strains  will 
be  established.  The  Current  BALB/cfC3H  hyperplastic  outgrowth  lines  are 
in  the  eleventh  transplantation  generation.  In  addition,  several  new 
BALB/cfC3H  outgrowth  lines  are  in  the  second  transplant  generation. 

Each  outgrowth  line  that  is  developed  will  be  characterized  using  bio- 
logical and  virological  parameters.  For  this  purpose  the  contractor's 
current  stock  of  antisera  has  been  catalogued  and  supplemented  by  the 
addition  of  several  new  polyvalent  sera.  The  contractor  has  also  been 
testing  monoclonal  antibodies  against  MuMTV  provided  by  various  col- 
laborators. Monoclonal  or  immunoabsorbed  antibodies  against  thy  1.2, 
fibronectin  and  mouse  mammary  epithelial  cells  (MMEC)  are  presently  under 
study. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  It 
has  been  reported  that  small  atypical  lesions,  similar  to  the  hyperplastic 
nodules  in  murine  mammary  cancer,  exist  in  the  dysplastic  and  carcinoma- 
in-situ  cells  of  the  human  breast  and  that  hyperplastic  regions  of  the 
human  mammary  gland  appear  to  contain  an  antigen  that  demonstrates  cross- 
reactivity  with  the  glycoprotein  (gp52)  of  MuMTV.  Therefore,  it  would  be 
worthwhile  to  investigate  the  induction  and  control  of  MuMTV  expression  in 
mouse  mammary  preneoplastic  tissues  as  a  model  system  which  can  then  be 
applied  to  a  better  understanding  of  precancerous  human  mammary  tissues. 

Proposed  Course:  Efforts  will  continue  to:  conduct  virological  investi- 
gations to  propagate  sufficient  quantities  of  hyperplastic  alveolar  nodule 
(HAN)  tissues  (or  outgrowth  lines)  in  selected  MTVpositive  and  MTV- 
negative  BALB/c  and  other  mouse  strains;  detect  and  quantitate  levels  of 
MuMTV  expressions  in  HAN  tissues  of  varying  tumorgenicities  in  selected 
mouse  strains;  and  attempt  to  alter  virus  expression  in  HAN  tissues  with 
immunological  reagents,  chemicals  and/or  hormones  in  efforts  to  define 
regulatory  controls  which  may  determine  functions  of  viral  components 
during  mammary  tumori genesis. 

Date  Contract  Initiated:  October  1,  1979 

Current  Annual  Level:  $177,590 

COLUMBIA  UNIVERSITY  (N01-CP7-1016) 

Title:  The  Diagnostic  and  Clinical  Implications  of  Viral-Related 
Proteins  in  Human  Cancer. 

Contractor's  Project  Director:  Dr.  Sol  Spiegelman 

Project  Officer  (NCI):  Dr.  Takis  Papas 

Objective:  To  define  an  antigen  in  human  mammary  neoplasia  which  is 
immunological ly-related  to  the  major  envelope  glycoprotein  (gp52)  of 
murine  mammary  tumor  virus  and  determine  the  significance  of  this  cross- 
reactivity. 
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Major  Findings:  During  the  past  12  months  research  continued  toward  the 
generation  of  clinically  useful  information  concerning  the  immunologic 
relatedness  of  the  human  breast  cancer  antigen  to  the  polypeptide  com- 
ponent of  mouse  mammary  tumor  virus  (MuMTV)  gp52.  Experiments  have 
demonstrated  that  the  cross-reactivity  is  due  to  the  polypeptide  rather 
than  to  the  polysaccharide  component  of  MuMTV  gp52.  Sugar-free  MuMTV  gp52 
prepared  by  deglycosylation  was  fully  effective  in  removing  IgG  responsible 
for  the  reaction  with  human  tumor  antigen.  In  contrast,  the  isolated 
polysaccharide  was  incapable  of  exerting  any  blocking  activity.  Further 
studies  with  the  deglycosylated  MuMTV  indicate  that  a  polypeptide  fragment 
of  approximately  10,000  daltons  which  retains  the  ability  to  cross-react 
with  the  human  antigen  has  been  prepared  by  controlled  tryptic  digestion 
of  MuMTV  gp52.  The  contractor  believes  that  this  10,000  dalton  peptide 
may  be  further  broken  down  to  one  of  about  2000  daltons  which  contains  the 
cross-reactivity  with  the  human  breast  cancer  specific  antigen.  Continuing 
studies  should  provide  the  sequence  of  this  peptide  and  search  for  a 
homologous  stretch  in  the  human  breast  cancer  protein. 

The  best  source  for  the  purification  of  the  MuMTV  gp52-related  antigen  in 
the  human  breast  cancer  cells  has  been  the  human  47D  tissue  culture  line. 
Clones  8,  10,  and  11  have  been  most  useful  in  the  production  of  particles 
containing  the  antigen.  Procedures  have  been  perfected  for  concentrating 
the  particle  fraction  and  separating  the  protein  components  on  columns  of 
agarose  gel  equilibrated  with  guanidium  chloride.  Utilizing  this  proce- 
dure the  contractor  has  obtained  a  protein  of  approximately  50,000  daltons 
which  cross-reacts  with  MuMTV  gp52.  An  indistinguishable  protein  has  also 
been  identified  in  fractions  prepared  from  fresh  human  breast  tumor  mater- 
ial. A  surprising  finding  is  the  indication  that  the  protein  in  the  parti- 
cles produced  by  the  47D  cell  line  is  found  in  the  core  rather  than  in  the 
external  envelope. 

Continued  survey  of  patient  material  from  different  countries  for  the 
presence  of  the  human  breast  cancer  antigen  cross-reactivity  with  MuMTV 
gp52  showed  that  the  level  of  positivity  appeared  to  be  significantly 
lower  (23.5%)  in  the  Far  East  and  significantly  higher  (72.5%)  in  the 
Middle  East  populations.  The  general  pattern  of  the  distribution  of 
positives  in  the  new  American  cases  (46.3%)  has  not  changed.  Studies  to 
identify  any  clinical  parameters  of  the  disease  which  affect  the  frequency 
and  level  of  the  observed  positive  responses  in  the  tumor  sections  indi- 
cated that  the  combined  intraductal  and  invasive  histological  type  yields 
the  highest  percentage  of  positives.  They  also  found  that  the  positivity 
increased  when  patients  had  a  family  history  of  breast  cancer. 

Enzyme-linked  immunoabsorbent  assay  (ELISA)  and  fluorescent  polarization 
are  being  investigated  as  a  suitable  method  for  the  detection  of  a  tumor 
specific  antigen  in  the  blood  of  humans.  Highly  specific  anti-gp52  anti- 
bodies purified  from  rabbit  sera  using  a  specific  immunoabsorbent  proced- 
ure has  allowed  the  contractor  to  perfect  both  of  these  assay  procedures 
for  detecting  MuMTV  gp52  antigen  in  the  plasma  of  tumored  mice  with 
results  in  each  case  as  sensitive  as  the  radioimmunoassay  (RIA)  and  with 
much  greater  rapidity. 
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Experiments  comparing  the  results  of  the  peroxidase  staining  on  a  limited 
number  of  sections  versus  analysis  of  the  remainder  of  the  tumor  by  the 
RIA  procedure  are  continuing.  Preliminary  results  clearly  indicate  that 
the  RIA  procedure  is  far  more  reliable  than  sections  staining  with  perox- 
idase for  detecting  positive  tumors.  Virtually  no  human  breast  tumors 
gave  a  negative  reaction  in  the  RIA  for  the  presence  of  the  protein 
similar  to  MuMTV  gp52. 

Significance  To  Biomedical  Research  and  the  Program  of  the  Institute:  A 
systematic  molecular  biological  study  has  demonstrated  the  presence  in 
human  cancer  of  particulate  materials  possessing  characteristics  unique  to 
the  known  animal  RNA  tumor  viruses.  Whether  the  cause  or  the  consequence 
of  human  malignancy,  the  presence  of  the  tumor  related  particles  and  their 
uniqueness  provided  a  novel  opportunity  to  generate  information  of  potent- 
ially practical  importance  for  the  diagnosis  and  management  of  breast 
cancer  in  humans.  An  example  is  the  observation  that  an  antigen  found  in 
human  breast  cancer  crossreacts  with  antibody  developed  to  the  MuMTV  gp52. 
Definite  data  as  to  its  usefulness  as  a  practical  clinical  tool  for  the 
diagnosis  or  prognosis  of  human  breast  cancer  should  be  obtained  from  this 
contract  effort. 

Proposed  Course:  Studies  will  continue  on  the  isolation,  purification  and 
physicochemical  characterization  of  sufficient  quantities  of  the  pertinent 
human  antigen  found  in  the  47D  cell  line.  Antigens  from  other  human 
breast  cell  lines  will  also  be  studied.  Comparative  biochemical  studies 
of  the  human  antigen  and  MuMTV  gp52  will  be  performed.  The  distribution  of 
the  gp52-related  antigen  in  human  mammary  tumors  as  a  function  of  geography, 
family  history  and/or  ethnic  groups  will  be  determined. 

Date  Contract  Initiated:  October  29,  1969 

Current  Annual  Level:  $975,000 

ENERGY,  DEPARTMENT  OF  -  LAWRENCE  BERKELEY  LABORATORY  (Y0-CP7-0510) 

Title:  Studies  on  Human  Mammary  Tumor  Virology 

Contractor's  Project  Director:  Dr.  Adeline  J.  Hackett 

Project  Officer  (NCI):  Dr.  John  Dahlberg 

Objectives:  To  develop  and  characterize  human  mammary  epithelial  cell 
lines  representing  the  various  stages  in  malignant  progression.  To  iden- 
tify morphological  and  biochemical  markers  which  may  correlate  with  each 
state  of  malignant  breast  disease. 

Major  Findings:  During  the  past  three  months  of  activity  in  FY80,  ongoing 
efforts  were  brought  to  an  orderly  completion.  The  following  information 
was  gleaned  from  these  studies.  Digestion  of  tissues  with  collagenase  and 
hyaluronidase  followed  by  filtration  provided  relatively  pure  populations 
of  mammary  epithelial  cells  which  grew  well  in  an  enriched  medium.  A  bank 
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of  frozen  cell  specimens  has  been  collected  which  provide  cells  for  repeat- 
able  short-term  experimentation. 

Testing  has  continued  for  the  expression  of  markers  that  distinguish 
epithelial  cells  from  nonepithelial  cells.  The  cell  surface  protein, 
fibronectin,  varies  in  both  amount  and  distribution  pattern  as  expressed 
by  epithelial,  myoepithelial  and  fibroblasts,  and  the  expression  is 
similar  in  cells  derived  from  both  malignant  and  normal  tissues. 

A  murine  mammary  tumor  virus-like  antigen  is  expressed  by  epithelial  cells 
derived  from  carcinomas  but  not  by  myoepithelial  cells  or  fibroblasts; 
epithelial  cells  derived  from  normal  breast  tissues  are  negative  for  the 
antigen  in  all  tests  so  far. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
development  of  cell  lines  provides  the  substrates  required  to  compare  and 
standardize  various  assays  which  measure  the  biological  properties  of 
cells.  Cells  in  culture  are  uniformly  growing  and  usually  less  differ- 
entiated than  primary  specimens,  thus  providing  an  unobscured  view  of  the 
differences  in  stages  of  malignant  progression.  Human  mammary  cell  lines, 
representing  the  various  stages  of  malignancy  as  well  as  the  various  types 
of  breast  cancers,  will  facilitate  future  studies  on  the  genetics  and 
immunology  of  mammary  cancer,  as  well  as  help  to  clarify  the  nature  of  the 
variability  in  clinical  expression  of  breast  disease. 

Proposed  Course:  This  interagency  agreement  terminated  December  31,  1979. 

Date  Contract  Initiated:   September  1,  1974 

Current  Annual  Level :  No  funding  in  FY80. 

MICHIGAN  CANCER  FOUNDATION  (N01-CP8-1QQ1 ) 

Title:  Effects  of  Environmental  Factors  on  Expression  of  Endogenous 
MuMTV  in  Low  Mammary  Strains  of  Mice 

Contractor's  Project  Director:  Dr.  Charles  M.  McGrath 

Project  Officer  (NCI):   Dr.  Robert  Callahan 

Objectives:  To  determine  whether  exogenous  mammotropic  hormones  can 
change  MuMTV  expression  in  mammary  cells  and  whether  the  change  correlates 
with  tumor  onset  and  incidence  in  low  mammary  strains  of  mice. 

Major  Findings:   Internal  (gag)  and  envelope  (env)  structural  genes  of  the 
genetically  transmitted  [MuMTV(O)]  genome  were  coordinately  suppressed  in 
normal  lactating  BaLB/C  mammary  epithelial  cells.   Contraceptive  hormones, 
which  resulted  in  the  development  of  mammary  tumors  after  7-8  months  of 
continued  treatment,  did  not  induce  expression  of  these  genes. 

Envelope  genes  of  MuMTV(O)  were  non-coordinately  suppressed  with  gag  genes 
in  outgrowths  of  premalignant  alveolar  hyperplasias,  isolated  from  virgin 
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BALB/c  females  after  prolonged  treatment  with  contraceptive  hormones. 
Tumors  that  developed  either  in  normal  glands  or  in  transplanted  alveolar 
hyperplasias,  contained  few  cells  (ca.  10%)  that  expressed  envelope  genes 
coordinately  with  gag  genes.  The  remainder  expressed  only  gag  genes. 
Thus,  there  is  a  progressive  relaxation  of  controls  over  expression  of  the 
MuMTV(O)  genome  from  normal  to  premalignant  to  malignant  growth  states. 
Preliminary  data  suggest  that  the  controls  regulating  expression  of  the 
MuMTV(O)  genome  in  BALB/c  mammary  tissues  are  post-transcriptional . 
Preliminary  data  from  studies  of  cells  cloned  from  tumors  suggest  also 
that  only  a  fraction  of  tumor  cells  are  actually  tumorigenic  and,  further, 
that  tumorigenic  cells  specifically,  express  envelope  genes  coordinately 
with  gag  genes. 

The  MuMTV  mRNA  in  the  neoplastic  tissues  (pretumorous  hyperplastic  and 
tumorigenic)  was  MuMTV(O)  RNA,  indistinguishable  from  MuMTV  RNA  present  in 
normal  lactating  mammary  glands.  These  RNA's  were  readily  distinguishable 
from  MuMTV  RNA  in  BaLB/C  tumors  caused  by  MuMTV(S)  infection. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  It 
may  be  possible  to  regulate  human  breast  tumor  incidence  by  controlling 
the  hormonal  environment  of  the  host.  This  study  is  designed  to  elucidate 
the  role  of  viral -hormonal  interactions  in  the  generation  of  animal  mam- 
mary tumors  and  attempts  will  be  made  to  manipulate  both  factors  i_n  vivo. 

Proposed  Course:  Proposed  studies  are  to  continue  to  quantitate  mammary 
tumor  onset  in  virgin  BALB/c  females  primed  and  unprimed  with  hormones 
from  pituitary  implants  and  to  determine  whether  MuMTV  RNA  is  induced  in 
mammary  cells  during  malignant  transformation  and  whether  the  induction 
correlates  with  tumor  incidence. 

Date  Contract  Initiated:  February  1,  1978 

Current  Annual  Level:  $123,514 

MOUNT  SINAI  SCHOOL  OF  MEDICINE  AND  HOSPITAL  (N01-CP4-3225) 

Title:  Stimulation  of  Immunity  to  Virus-Associated  and  Tumor-Associated 
Antigens  in  Mouse  Systems 

Contractor's  Project  Director:  Dr.  J.  George  Bekesi 

Project  Officer  (NCI):  Dr.  Paul  H.  Levine 

Objectives:  (1)  To  evaluate  chemoimmunotherapeutic  measures  in  tumor- 
bearing  animals  using  viral  inhibitors  to  determine  the  best  means  for 
controlling  the  oncogenic  virus  and  the  tumor.  (2)  To  determine  the 
presence  of  viral  antigen  and/or  specific  antivirus  immunity  in  experi- 
mental animals  and  untreated  controls.  (3)  To  transfer  the  knowledge 
gained  from  these  animal  studies  to  clinical  applications  against  human 
cancer. 
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Major  Findings:   Radioisotopic  leukocyte  adherence  inhibition  assay  ( 
CR-LAI  assay)  was  used  to  assess  tumor-associated  immune  response  in 
patients  with  cancer  of  the  breast.   Lymphocytes  were  obtained  from  45 
pre-operative  and  42  post-operative  patients  with  breast  lesions,  both 
benign  and  malignant.   Patients  with  localized  breast  carcinoma  showed 
significant  inhibition  of  leuocyte  adherence  (21-58%)  in  the  presence  of 
autologous  and  normal  serum  in  reponse  to  breast  cancer  antigens,  MuMTV 
and  gp52.   Conversely,  31  control  subjects,  19  patients  with  benign 
lesions  or  25  individuals  with  unrelated  neoplasms  did  not  respond  to  the 
breast  antigens.   In  advanced  breast  cancer  (Stage  IV)  abrogation  of 
breast  cancer  related  antigenic  recognition  was  apparent  in  the  presence 
of  autologous  serum  (10-100%)  but  not  in  plasma  from  normal  individuals 
with  AB  type  blood.  These  results  demonstrate  the  usefulness  of  the 
S^Cr-LAI  assay  in  monitoring  serum  blocking  factors.  The  51cr-LAI  assay 
reflected  the  responsiveness  of  patients'  lymphocytes  to  antigen(s)  iso- 
lated from  breast  cancer  with  a  high  degree  of  frequency  and  remarkable 
specificity.  This  assay  is  a  simple  and  sensitive  procedure  to  monitor 
specific  cell-mediated  immunity  in  cancer  patients. 

The  addition  of  interferon  at  concentrations  of  25-2000  units/ml  in 
culture  media  did  not  alter  the  morphology  of  the  cell  layers  or  the 
viability  or  growth  rate  of  the  MJY-alpha  cells.  Electron  microscopic 
examination  of  thin  sections  indicated  a  decrease  in  the  numbers  of  A-type 
and  budding  B-type  particles  of  MuMTV  only  in  the  cells  treated  with  2000 
units  of  interferon/ml .   Profiles  of  MuMTV  glycoproteins  and  nonglyco- 
sylated  polypeptides  obtained  by  sodium  dodecyl-sulfate  polyacrylamide  gel 
electrophoresis  revealed  increases  in  the  level  of  the  60,000  dalton 
glycoprotein  associated  with  the  viral  envelope.   Interferon  treatment  of 
syngeneic  hosts  bearing  implanted  MJY-alpha  cell  induced  tumors  resulted 
in  a  delay  of  tumor  progression  but  the  protective  effect  required  con- 
tinuous administration  of  the  anti-viral  agent. 

Human  lymphoblastic,  leucocytic  and  fibroblastic  interferons  were  found  to 
have  marked  antiviral  activity  on  the  replication  of  Herpesvirus  saimiri 
and  Herpesvirus  ateles  when  used  at  a  concentration  of  500  lU/ml  or  greater 
but  only  minimally  against  two  neurotropic  viruses,  viz.  Herpesvirus 
platyrrhine  and  Herpesvirus  simplex.  All  three  interferons  were  equally 
effective  as  antiviral  agents  against  the  oncogenic  herpesviruses.   Pre- 
treatment  of  cells  with  interferon  before  virus  infection  was  not  required 
as  it  failed  to  enhance  or  retard  the  antiviral  action  of  any  of  three 
interferons  particularly  in  the  case  of  the  oncogenic  herpesviruses.  The 
concentration  of  virus  between  100  TCID^g  and  300,000  TCID.q  had  no  effect 
on  the  antiviral  activity  of  interferon;  all  three  interferon  were  equally 
effective  at  these  virus  concentrations.   Virus-infected  cell  monolayers 
exhibiting  advanced  (75%)  cell  cytopathology  were  treated  with  10,000 
lU/ml  interferon  to  attain  cell  confluency.   These  treated  cells  were  then 
subcultivated  (if  maintained  on  2000  lU/ml  interferon)  for  over  9  months 
and  15  subpassages  with  an  absence  of  virus,  viral  antigens  or  virus 
particles.  These  same  cells,  if  maintained  in  the  absence  of  interferon 
during  each  subpassage  level,  did  produce  virus;  however,  from  the  14th 
subpassage  on,  virus  appears  to  have  been  repressed  or  lost  in  the  absence 
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of  interferon,  suggesting  that  the  long-term  application  of  interferon  may 
have  a  therapeutic  effect  in  "eliminating"  virus  infection. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute- 
Evidence  suggests  that  in  acute  leukemia,  breast  cancer,  and  Burkitt's 
lymphoma,  late  relapse  may  actually  be  disease  reinduction  due  to  persist- 
ence of  the  factors  initially  associated  with  the  disease.   If  there  is  a 
viral  etiology  for  these  three  diseases,  it  is  important  to  obtain  methods 
of  permanently  controlling  the  virus  while  chemotherapy  or  immunotherapy 
are  used  to  control  the  tumor  itself.   Successful  development  of  treatment 
protocols  in  animals  with  leukemia,  breast  cancer,  and  lymphoma  are  an 
important  first  step  in  curing  these  forms  of  human  cancer. 

Proposed  Course:  This  contract  was  extended  at  no  additional  cost  to  the 
government  to  allow  the  contractor  sufficient  time  for  the  orderly  phase- 
out  of  on-going  studies.  The  new  termination  date  is  December  5,  1980. 

Date  Contract  Initiated:  August  6,  1973 

Current  Annual  Level:  No  funding  in  FY80. 

NETHERLANDS  CANCER  INSTITUTE  (N01-CP3-3368) 

Title:  Immunogenetic  Studies  on  Breast  Cancer  and  Leukemia 

Contractor's  Project  Directors:  Dr.  J.  Hilgers 

Project  Officer  (NCI):  Dr.  Ernest  J.  Plata 

Objectives:  To  study  the  immunogenetics  of  mouse  mammary  tumor  and  MuMTV 
transmission,  as  well  as  that  of  leukemia  and  murine  genes  for  trans- 
mission, MuMTV  replication,  histocompatibility,  and  immune  response. 

Major  Findings:  Five  loci  controlling  endogenous  MuMTV  expression  in 
various  mouse  strains  have  been  discovered.  MTV-1  (on  chrom.  7  between  c 
and  Gpi-1)  is  present  in  the  C3Hf  and  DBA  strains  and  is  responsible  for 
low  incidences  of  late  appearing  mammary  tumors.  Mtv-2  (on  chromosome  18 
next  to  Tw)  is  present  in  the  GR  strain  only  and  is  responsible  for  early 
and  high  pregnancy  dependent  mammary  cancer.  The  GR  and  GR/Mtv-2  strains 
contain  the  Mtv-3  locus  (on  chrom.  11  next  to  Ex-3)  which  is  not  involved 
in  mammary  tumorigenesis.  The  Japanese  strain  SL  harbors  the  Mtv4,  which 
probably  is  not  responsible  for  mammary  tumorgenesis.  An  inbred  Swiss 
strain  SHN  harbors  a  fifth  locus  or  Mtv-5,  most  likely  responsible  for  the 
high  mammary  cancer  incidence  in  this  strain.  The  Mtv-2  and  possibly  the 
Mtv-3  locus  are  involved  in  lymphomagenesis  of  the  GR  strain.  The  lymphomas 
represent  a  novel  type  of  "prothymocytes" ,  probably  natural  killer  cells. 

Two  strains  of  European  origin,  the  STS/A  and  the  TSI/A,  are  resistant  to 
hormone-induced  mammary  cancer  (hypophysis  transplants).  Recombinant 
inbred  strains  were  developed  between  the  STS/A  and  the  BALB/c  to  study 
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the  genetics  of  this  resistance  in  relation  to  the  resistance  for  MuMTV 
induced  and  spontaneous  mammary  cancer. 

Molecular  hybridization  studies  followed  by  the  Southern  blotting  tech- 
nique after  restriction  endonuclease  treatment  revealed  the  presence  of 
amplified  MuMTV  sequences  in  GR  strain  lymphomas.  This  is  in  contrast  to 
the  situation  in  GR  strain  mammary  cancer  in  which  no  amplification  of 
MuMTV  genes  have  been  found.  The  amplification  seems  to  occur  in  specific 
sites.   Using  somatic  cell  hybrids  between  these  lymphomas  and  the  E36 
Chinese  hamster  cell,  and  segregating  mouse  chromosomes,  it  may  be 
possible  to  map  the  germinal  and  amplified  MuMTV  sequences  in  the  GR 
strain  and  its  lymphomas. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Study  of  genetic  factors  controlling  host  susceptibility  and  capacity  for 
internal  control  of  oncogenic  virus  expression  and  infectivity  is  import- 
ant to  the  program  of  this  Institute.  The  results  obtained  thus  far  begin 
to  delineate  a  variety  of  factors,  in  addition  to  the  presence  of  an 
oncogenic  virus,  which  contribute  to  or  modify  the  pathogenesis  of  mammary 
cancer.  The  findings  described  contribute  to  the  investigations  of  possible 
etiological  agents  of  human  cancer  as  well  as  to  greater  understanding  of 
the  fundamental  biology  of  cancer. 

Proposed  Course:  The  contractor  proposed  to  continue  studies  concerning 
host  genes  involved  in  MuMTV,  studies  concerning  viral  antigen  expression 
at  the  cell  surface  level  and  the  immune  response  directed  towards  these 
antigens. 

Date  Contract  Initiated:  June  28,  1972 

Current  Annual  Level:  $90,000 

RADIOBIOLOGICAL  INSTITUTE  (NG1-CP4-3328) 

Title:  The  Study  of  the  Release  of  RNA  Tumor  Viruses  and  Its  Genetic 
Control 

Contractor's  Project  Director:  Dr.  Peter  Bentvelzen 

Project  Officer  (NCI):  Dr.  Jeffrey  Schlom 

Objectives:  To  carry  out  studies  i£i  vivo  and  in   vitro  to  elucidate  the 
role  of  hereditary  factors  controlling  the  expression  of  genetically 
transmitted  mouse  mammary  tumor  viruses  of  mice.  To  search  for  the  mam 
gene  product  and  develop  a  vaccine  for  the  prevention  of  mammary  tumors  in 
mice. 

Major  Findings:  When  the  MuMTV-free  mouse  strain  BALB/c  was  crossed  with 
other  nonexpressor  strains  like  AKR,  N02,  or  RFM,  MuMTV  gp52  was  detected 
in  the  third  lactation  milk  of  many  hybrids.   The  BALB/c  hybrids  with  AKR, 
RFM,  and  N02  had  38%,  100%  and  75%  positives,  respectively.  When  these 
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offspring  were  backcrossed  to  BALB/c,  a  considerable  reduction  in  the 
number  of  positives  were  observed.  The  explanation  for  this  reduction  is 
that  in  strains  AKR,  N02  and  RFM  a  recessive  epistatic  gene  inhibits  the 
complete  expression  of  endogenous  MuMTV.  On  the  other  hand,  the  BALB/c 
strain  does  not  interfere  with  the  expression  of  provi ruses  from  other 
mouse  strains,  but  its  own  virogenes  remain  unexpressed. 

In  preliminary  studies  concerned  with  the  search  for  a  mam  gene  product, 
newborn  WAG  rats  and  outbred  rabbits  were  inoculated  with  fresh  tissue- 
culture  derived  MuMTV.  Some  female  rats  became  positive  for  the  MuMTV- 
proteins  gp52  and  p28  in  their  milk  only  after  multiple  pregnancies.  The 
quantity  of  viral  antigens  fluctuated  considerably  from  day-to-day.  One 
rabbit  out  of  ten  became  virus-positive  at  the  first  lactation.  So  far, 
no  mammary  carcinoma  has  been  detected  in  either  species  after  an  obser- 
vation period  of  16  months. 

The  so-called  pi 2  fraction  isolated  from  solubilized  MuMTV  proteins  seems 
to  be  homogeneous  when  tested  by  SDS-polyacrylamide  gelelectrophoresis. 
However,  gelfiltration  of  the  purified  MuMTV  proteins  in  6  M  guanidine-HCL 
resulted  in  the  separation  of  the  pl2  fraction  into  polypeptides  with  a 
molecular  weight  of  10,500  and  7,000  respectively. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
elucidation  of  the  role  hereditary  factors  play  in  controlling  the  express- 
ion of  genetically  transmitted  MuMTV  is  important  to  understanding  the 
pathogenesis  of  viral ly-induced  breast  cancer  and  to  the  prospective  pre- 
vention or  control  of  this  disease. 

Proposed  Course:  This  contract  terminated  April  25,  1980. 

Date  Contract  Initiated:  April  26,  1974 

Current  Annual  Level:  No  funding  in  FY80. 

TEL-AVIV  UNIVERSITY  (N01-CP7-101 1 ) 

Title:  Immunization  of  Mice  with  Purified  MuMTV  Polypeptides 

Contractor's  Project  Director:  Dr.  Asher  Frensdorff 

Project  Officer  (NCI):  Dr.  Sandra  Ruscetti 

Objectives:  To  study  the  cellular  and  humoral  responses  of  mice  to  MuMTV 
polypeptides  and  to  immunize  mice  against  spontaneous  mammary  neoplasia 
with  purified  MuMTV  structural  proteins. 

Major  Findings:  Studies  on  the  induced,  as  well  as  the  natural  immune 
response  to  MuMTV  and  to  gp52  are  continuing.  The  contractor  is  presently 
studying  the  humoral  immune  response  of  mice  which  have  been  immunized 
with  MuMTV  antigens,  as  they  are  naturally  expressed  on  cells  or  normal, 
MuMTV  positive  mouse  strains.  Although  such  vaccination  protocols  have  no 
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practical  applicability  in  vaccination  programs  they  are  nevertheless 
expected  to  shed  more  light  on  the  interrelation  between  antigen  confor- 
mation and  the  ensuing  humoral  immune  response.   Preliminary  observations 
made  in  C57B1  mice  show  that  there  is  indeed  a  difference  in  the  spec- 
ificity of  the  antibodies  formed  against  MuMTV  as  presented  on  cell  sur- 
faces (these  antibodies  are  predominantly  anti-gp52),  whereas  vaccination 
with  purified  gp52,  or  with  MuMTV  induces  an  anti-gp36  response. 

The  contractor  has  also  investigated  the  immune  response  of  mice  after 
immunization  with  a  non-retrovirus-related,  tumor  specific  transplantation 
antigen.  The  TA3  tumor,  which  originated  from  a  spontaneous  mammary 
adenocarcinoma  of  an  A/Sn  female  mouse  and  has  since  been  propagated  in 
ascitic  form  in  syngeneic  mice,  was  used  for  this  purpose.  The  contractor 
has  isolated  and  partially  purified  an  unglycosylated  surface  antigen  with 
a  molecular  weight  of  85,000  daltons  which  is  not  detectably  expressed  on 
normal  A-strain  mouse  cells  or  on  cells  of  other  tumors  of  the  same  or  of 
other  mouse  strains.  The  purified  antigen  was  not  immunologically  related 
to  any  of  the  antigens  of  B-type  or  C-type  retroviruses.  By  immunofluor- 
escence, this  antigen  was  present  on  about  10%  of  viable  TA,  cells.  In 
vivo,  the  antigen  was  immunogenic  and  induced  humoral  antibodies,  a  cell- 
mediated,  specific  cytotoxicity  to  TAH3Y  target  cells  as  well  as  blast-cell 
transformation  of  i_n  vivo  primed  spleen  cells.   Immunization  with  this 
antigen  conferred  a  high  degree  of  specific  protective  immunity  against 
challenge  with  an  LDgQ  of  viable  tumor  cells. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
use  of  vaccines  with  structurally  intact  viruses  can  be  dangerous  since 
potentially  oncogenic  materials  can  be  transmitted  as  immunogens.  This 
project  will  explore  whether  beneficial  effects  can  be  achieved  from  a 
safe  vaccine  which  does  not  contain  infectious  nucleic  acids. 

Proposed  Course:  This  contract  terminated  September  26,  1980. 

Date  Contract  Initiated:   September  9,  1977 

Current  Annual  Level :   No  funding  for  FY80. 
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SUMMARY  REPORT 

RESEARCH  RESOURCES 

The  Research  Resources  area  of  the  Biological  Carcinogenesis  Branch  (BCB) 
is  responsible  for  planning,  initiating,  and  maintaining  a  coordinated 
program  to  anticipate  and  meet  the  needs  of  the  extramural  investigators 
funded  by  the  Branch,  as  well  as  other  investigators  in  the  area  of  cancer 
research,  for  research  resources  and  logistical  support.  This  coordinated 
program  includes  the  initiation,  development,  maintenance,  and  management 
of  resource  contracts  and  the  responsibility  for  the  day-to-day  general 
management  and  direction  of  all  resources  distribution. 

Laboratory  investigations  carried  out  under  the  sponsorship  of  the  BCB 
depend  on  the  availability  of  adequate  quantities  of  viruses,  viral  re- 
agents, antisera,  animals,  and  clinical  and  laboratory  materials  of 
optimal  purity,  viability,  and  potency.  Research  Resources  provides  these 
research  materials  and  other  supportive  activities  through  contract  opera- 
tions representing  four  general  areas  of  activities.  These  include: 
activities  directed  toward  production  and  characterization  of  purified 
viruses,  viral  reagents,  and  appropriate  antisera;  activities  concerned 
with  animal  resources,  including  production  of  pathogen-free  species  of 
animals,  breeding  of  primates,  maintenance  of  animal  colonies,  and  contain- 
ment-type animal  holding  facilities;  activities  directed  toward  the  pro- 
vision of  specialized  testing  services  for  the  examination  of  experimental 
materials;  and  activities  concerned  with  acquisition,  collection,  storage, 
inventory,  and  distribution  of  normal  and  malignant  human  specimen 
material. 

During  the  year,  Research  Resources  has  coordinated  the  distribution  of  a 
wide  variety  of  biological  resources  and  services  to  both  NCI  intramural 
investigators  and  BCB  collaborating  investigators.  During  this  period, 
the  purified  and  concentrated  products  from  approximately  30,000  liters  of 
tissue  culture-grown  viruses,  propagated  in  over  20  different  cell  lines, 
were  distributed  in  over  1,000  shipments  to  over  400  participating  labora- 
tories throughout  the  world.  Additionally,  over  150  grams  of  avian  myelo- 
blastosis virus  (AMV)  was  sent  to  34  investigators.  Over  8  million  units 
of  purified  AMV  reverse  transcriptase  was  distributed  to  552  researchers 
in  approximately  602  shipments.  The  Cell  Culture  Laboratory  at  the  Naval 
Biosciences  Laboratory,  Oakland,  California  distributed  over  1,000  cell 
culture  seed  stocks  to  over  100  individual  scientists  and  analyzed  over 
100  individual  cell  cultures,  submitted  by  approximately  20  laboratories, 
for  cell-line  purity  and  species  identification.  The  Child  Research 
Center  of  Michigan  has  performed  diagnostic  studies  on  196  cell  cultures 
with  24%  proving  to  be  other  than  the  presumptive  identification  by  the 
submitting  laboratory.  In  addition  to  these  activities.  Research 
Resources  has  coordinated  the  distribution  of  a  variety  of  resources  to 
Russian,  French  and  Japanese  scientists  in  keeping  with  formal  U.S.  or  NCI 
international  agreements  with  those  countries  covering  the  mutual  exchange 
of  cancer  research  materials.  The  materiel  supplied  included  purified  and 
concentrated  viruses  of  murine,  feline,  avian,  and  primate  origin;  special- 
ized viral  proteins  and  antigens;  normal  and  infected  tissue  culture  cell 
lines;  and  a  wide  range  of  antisera  prepared  in  a  variety  of  host  animals. 
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Research  Resources  is  also  responsible  for  the  management  of  the  distri- 
bution of  viruses,  viral  components,  and  cell  cultures  prepared  at  the 
Frederick  Cancer  Research  Center  (FCRC)  and  provided  to  BCB  collaborating 
laboratories.   During  this  report  period,  over  14,000  liters  of  virus 
materials  were  produced  and  purified;  and  over  12,500  ml  of  various  virus 
concentrates  were  released  to  investigators  as  directed.  All  Program 
requests  for  viruses  available  from  FCRC  have  been  met  and  approximately 
1,200  ml  of  virus  concentrates  remain  available  at  the  FCRC  virus  reposi- 
tory to  meet  additional  needs. 

Research  Resources  prepared  a  biannual  catalogue  listing  and  describing 
the  resources  available  to  collaborating  laboratories.  A  new  edition  has 
been  prepared  this  year  and  distributed  to  BCB  grantees,  contractors,  and 
intramural  investigators. 

During  this  report  period,  the  virus  production  and  antisera  preparation 
effort  was  shared  by  seven  contracts  whose  funding  represented  48  percent 
of  the  total  resources  budget.  The  animal  resource  area  accounted  for  24% 
of  the  budget,  provision  of  testing  and  service  efforts  accounted  for  23% 
and  human  specimen  acquisition  and  distribution  accounted  for  the  remain- 
ing 5%.  The  inventory  of  available  RNA  tumor  viruses  included  50  agents  of 
which  16  were  in  active  production.  Inventory  of  the  DNA  viruses  included 
three  agents,  two  of  which  were  in  active  production.  Studies  in  the  RNA 
virus  area  accounted  for  approximately  70%  of  the  antisera,  viruses,  and 
animals  distributed  by  Research  Resources  in  the  last  fiscal  year. 

The  Data  Management  unit  continued  to  assist  in  the  automated  retrieval 
and  inventories  of  resources,  computer-systems  planning,  and  automated 
analysis  and  management  support.  An  automated  management  system  is  main- 
tained for  data  relevant  to  the  distribution  of  research  resources  managed 
and  administered  by  BCB.  The  system  is  used  for  tracking  the  distribution 
of  all  research  resources  regardless  of  production  source  or  recipient 
identity  and  location.  Also  maintained  is  a  computerized  inventory  of 
approximately  50,000  sera  specimens  and  approximately  10,000  freshly 
frozen  malignant  and  normal  human  tissue  specimens  maintained  in  local  and 
regional  repositories.  Clinical  and  demographic  data  relevant  to  speci- 
mens distributed  are  provided  to  recipient  investigators  to  assist  in  the 
analysis  of  test  results. 

During  this  year  the  budget  of  the  resources  area  was  reduced  by  almost 
three  million  dollars  from  the  planned  level.  This  reduction  has  had  a 
substantial  impact  on  virus  production  efforts;  therefore,  no  agents  which 
are  available  from  commercial  sources  will  be  produced  in  the  future.  A 
user  survey  of  all  resources  contracts  is  in  process. 
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RESEARCH  RESOURCES 
CONTRACT  INDEX 


Contract 


Title 


Page 


Child  Research 
Center  of  Michigan 
NOl-CP-91003 

Electro-Nucleonics 
Laboratories,  Inc. 
NOl-CP-91001 

Electro-Nucleonics 
Laboratories,  Inc. 
NOl-CP-01009 

Emory  University 
NOl-CP-33343 

Hektoen  Institute 
for  Medical  Res. 
NOl-CP-43344 

Hospital  for  Sick 

Children 

N01-CP-61040 

Huntingdon 
Research  Center 
N01-CP-91004 

Jewish  Hosp.  & 
Med.  Center  of 
Brooklyn 
NOl-CP-43251 

Life  Sciences, 

Inc. 

NOl-CP-33291 

Life  Sciences, 

Inc. 

N01-CP-61005 

Life  Sciences, 

Inc. 

N01-CP-81023 


Inter-  and  Intraspecies  Identification 
of  Cell  Cultures 


Production  of  RNA  Avian  Oncogenic 
Viruses 


Normal  and  Leukemic  Human  Tissue 
Collection 


Production  of  Avian  Myeloblastosis 
Virus  and  AMV  Reverse  Transcriptase 
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Large  Scale  Production  of  Oncogenic  or    1370 
Potentially  Oncogenic  Viruses 


1371 


Maintenance  of  an  Irradiated  Monkey      1371 
Colony 

Supply  of  Fresh  Human  Materials  Obtained   1373 
from  Patients  with  Neoplastic  Diseases 


1373 


Preparation  of  Antisera  to  Oncogenic  or   1374 
Potentially  Oncogenic  Viruses 


Supply  of  Human  Specimen  Material  from    1375 
Patients  with  Chromosomal  Abnormalities 
and  Malignancies 


1375 


Production  and  Maintenance  of  Selected    1375 
Reagent  Grade-SPF  Animals 


Production,  Purification  and  Concen-      1378 
tration  of  Potentially  Oncogenic  Viruses 
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Litton  Bionetics, 

Inc. 

NOl-CP-91022 


Operation  of  a  Facility  to  Provide  and     ^378 
Maintain  Nonhuman  Primates  for  Cancer 
Research 


Mason  Research 

Institute 

NOl-CP-61052 


Role  of  Hormonal  Factors  on  Induction  of   1379 
Mammary  Tumors  in  M-PMV  Infected  Animals 


Mason  Research 

Institute 

NOl-CP-71000 


Support  Effort  for  Coordinated  Processing  1380 

of  Fresh  and  Viable  Human  Specimen 

Materials 


Mason  Research 

Institute 

NOl-CP-71001 


Resources  and  Information  Data  Manage- 
ment. 
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Memorial  Hosp. 
CA  &  Allied 
Diseases 
NQl-CP-61038 


for 


Acquisition  of  Human  Tumor  Specimens  for   1381 
Viral  Studies  (Tumor  Procurement  Center) 


Microbiological 
Associates,  Inc. 
NOl-CP-33288 


Development  of  Lab  Animal  Virus  Diagnostic  1382 
Reagents  and  Operation  of  a  Service  Lab 


Microbiological 
Associates,  Inc. 
NOl-CP-91016 


Operation  of  a  Repository  and  Distrib-     1383 
ution  Center  for  Biological  Materials 


Navy,  Department 

of 

Y01-CP-80500 


Development  and  Characterization  of  Cell   1384 
Substrates  for  Utilization  in  Cancer 
Research 


Pfizer,  Inc. 
NOl-CP-91018 

Rush-Presby. -St. 
Luke' s  Medical  Ctr. 
N01-CP-71014 


Large  Scale  Tissue  Culture  Virus         1385 
Production  for  Cancer  Research 

Marmoset  Colony  for  Cancer  Research       1386 


Sloan-Kettering 
Inst,  for  Cancer 
Res 
N01-CP-71003 


Influence  of  Virus-Related  Genes  on 
Susceptibility  to  Cancer 


1387 


University 
Laboratories,  Inc. 
NOl-CP-33222 


The  Production  of  Avian  and  Mammalian 
Oncogenic  Viruses  and  Antisera 


1388 
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CONTRACT  REPORTS 

RESEARCH  RESOURCES 

Dr.  John  S.  Cole,  III 

CHILD  RESEARCH  CENTER  OF  MICHIGAN  (N01-CP9-1G03) 

Title:  Inter-and  Intraspecies  Identification  of  Cancer  Cells  In  Vitro 

Contractor's  Project  Director:  Dr.  Ward  D.  Peterson,  Jr. 

Project  Officer  (NCI):  Dr.  John  S.  Cole,  III 

Objectives:  This  contract  provides  collaborating  investigators  of  the 
Biological  Carcinogenesis  Branch  (BCB)  and  members  of  the  general  scienti- 
fic community  with  a  service  for  rapid  establishment  or  confirmation  of 
species  identity  of  cell  culture  systems. 

Major  Findings:  During  this  report  period,  196  cell  cultures  were  re- 
ceived and  characterized  by  553  separate  tests  that  utilized  genetic 
markers  of  three  different  kinds;  i.e.,  species  membrane  antigens,  iso- 
zymes, and  chromosome  analysis.  Sixteen  cell  species  were  encountered  in 
the  cell  cultures  received  with  approximately  30  percent  of  cultures  being 
of  human  origin.  Overall,  76  percent  of  the  cultures  were  confirmed  by 
characterization  studies  as  being  of  the  species  of  origin  designated  by 
the  submitting  investigator.  The  species  of  16  cell  lines  either  unknown 
or  undesignated  by  the  submitting  investigator  was  established.  All  but 
one  of  the  cocultivated  cultures  contained  both  species  of  cells  and  no 
other.  Thirty-six  percent  of  the  large  number  of  human  cell  cultures 
received  for  study  were  found  to  be  contaminated  either  by  another  species 
of  cell  or  by  other  human  cell  lines. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  In 
the  search  for  oncogenic  viruses,  many  cell  cultures  from  the  same  or 
different  species  are  used  concurrently,  which  offer  frequent  opportuni- 
ties for  cross  contamination.  In  multiple-species  tumor  transplantations, 
the  species  derivation  of  induced  tumors  sometimes  comes  into  question.  _ 
Generally,  the  significance  of  virus  presence  in  tissue  cells,  the  ability 
to  grow  virus,  or  the  validity  of  virus  isolaton  systems  are  all  dependent 
upon  the  assurance  of  the  identity  of  the  cell  cultures  used. 

Proposed  Course:   The  incumbent,  will  continue  to  provide  a  service  to 
BCB  grantees  and  contractors  by  rapidly  determining  interspecies  and 
intraspecies  identity  of  cell  culture  systems.  Additionally,  the  con- 
tractor will  extend  and  develop  marker  systems  in  accordance  with  needs 
for  identification. 

Date  Contract  Initiated:  January  1,  1979 

Current  Annual  Level:  $154,254 
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ELECTRO-NUCLEONICS  LABORATORIES,  INC.  (N01-CP9-1QQ1) 

Title:   Large-Scale  Production  of  Oncogenic  or  Potentially  Oncogenic 
Viruses 

Contractor's  Project  Director:  Mr.  John  Lemp,  Jr. 

Project  Officer  (NCI):  Dr.  John  S.  Cole,  III 

Objectives:  To  provide  a  service  related  to  the  isolation,  large-scale 
production,  concentration,  assay  and  distribution  of  oncogenic  viruses  of 
animals  and  potentially  oncogenic  viruses  of  humans.   Production  and 
quality  control  involve  tissue  culture,  electron  microscopy,  immunology, 
and  various  biochemical/biophysical  techniques. 

Major  Findings:  During  the  past  year,  3,305  liters  of  virus-containing 
fluids  were  harvested  from  several  diverse  tissue  culture  systems.  As 
directed  by  the  NCI  project  officer,  concentrates  of  purified  viruses, 
cells  and  special  vaccine  preparations  were  distributed  to  the  Research 
Resources  repository  to  individual  investigators  involved  in  a  variety  of 
research  projects.  More  than  100  shipments  to  43  research  groups  through- 
out the  world  emphasized  the  flexibility,  value  and  far-reaching  scope  of 
this  resources  program.  The  major  products  included  ecotropic  viruses 
(AKR,  and  Moloney  leukemia),  endogenous  viruses  (ATS-124  and  BC-194:  BALB 
virus  1),  and  xenotropic  viruses  (BC  177:  BALB  virus  2,  BC  169:  BALB  virus 
2,  BC232:  NIH,  BC  232:  NZB,  Clone  35:  NZB). 

Cell  lines  yielding  xenotropic  viruses  generally  produce  about  one-tenth 
as  many  virions  as  those  producing  ecotropic  viruses.  Thus,  since  the 
xenotropic  viruses  now  comprise  about  half  of  the  total  requested  pro- 
duction, considerably  increased  volumes  of  tissue  culture  fluids  are 
required  to  maintain  equivalent  quantities  of  concentrated  xenotropic 
viruses  for  the  various  recipient  investigators. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  In 
order  to  carry  out  important  research  on  the  biochemistry  and  biophysics 
of  oncogenic  animal  viruses,  it  is  imperative  that  large  quantities  of 
concentrated  virus  be  available  for  analysis.  This  contract  helps  meet 
this  need  with  oncogenic  animal  viruses  that  have  been  produced  under 
rigidly  controlled  conditions. 

Proposed  Course:  This  effort  was  subjected  to  competitive  selection 
during  the  contract  year.  The  incumbent,  as  winner  of  the  competition, 
will  continue  to  provide  regular  AKR  virus,  AKR  virus  with  high  yields  of 
gp70,  and  xenotropic  murine  viruses;  and  will  provide  other  special 
preparations  as  requested  by  the  NCI  project  officer.  The  contractor  will 
continue  to  develop  and  optimize  methods  for  producing  the  highest  virus 
yield  with  consistantly  high  biological  qualities,  with  the  flexibility  to 
quickly  accommodate  shifts  in  Program  requirements. 

Date  Contract  Initiated:  January  8,  1979 
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Current  Annual  Level:  $622,311 

ELECTRO-NUCLEONICS  LABORATORIES,  INC.  (N01-CP0-01009) 

Title:  Production  of  RNA  Avian  Oncogenic  Viruses 

Contractor's  Project  Director:  Mr.  John  Lemp,  Jr. 

Project  Officer  (NCI):  Dr.  John  S.  Cole,  III 

Objectives:  To  produce,  purify,  characterize  and  distribute  Rous  sarcoma 
Virus,  Prague  c  strain  (RSV-Pr.  c)  to  collaborating  investigators  funded 
by  the  BCB.  Production  and  quality  control  involve  tissue  culture,  elec- 
tron microscopy,  immunology  and  various  biochemical/biophysical  techni- 
ques. 

Major  Findings:  This  newly  initiated  contract  has  produced  substanital 
amounts  of  Rous  sarcoma  virus  by  two  different  experimental  protocols  to 
provide  materials  high  in  either  viral  protein  or  intact  high  molecular- 
weight  nucleic  acid.  The  product  has  been  evaluated  by  several  investiga- 
tors and  has  been  found  to  be  of  excellent  quality. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  In 
order  to  carry  out  important  research  on  the  biochemistry  and  biophysics 
of  oncogenic  avian  viruses,  it  is  imperative  that  large  quantities  of 
concentrated  and  well  characterized  virus  be  available  for  analysis.  This 
contract  helps  meet  this  need  with  oncogenic  avian  virus  produced  under 
rigorously  controlled  conditions. 

Proposed  Course:  This  effort  was  subjected  to  competitive  selection 
during  the  contract  year,  and  Electro-Nucleonics  Laboratories,  Inc.,  as 
winner  of  the  competition,  will  provide  quantities  of  highly  purified, 
well  characterized  RSV-Pr.c  as  directed  by  the  NCI  project  officer.  If 
necessary,  the  contract  has  the  flexability  to  produce  other  avian  vir- 
uses. The  contractor  will  continue  to  develop  and  optimize  methods  for 
producing  the  highest  virus  yield  with  consistently  superior  biological 
qualities,  with  the  flexibility  to  quickly  accommodate  shifts  in  Program 
requirements. 

Date  Contract  Initiated:  November  7,  1979 

Current  Annual  Level:  $498,824 


EMORY  UNIVERSITY,  YERKES  PRIMATE  CENTER  (N01-CP3-3343) 

Title:  Maintenance  of  a  Colony  of  Irradiated,  Aging  Rhesus  Monkeys 

Contractor's  Project  Director:  Dr.  Harold  McClure 

Project  Officer  (NCI):  Dr.  Garrett  V.  Keefer 
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Objectives:  To  monitor  the  incidence  of  tumors  in  a  unique  group  of 
irradiated,  aging  rhesus  monkeys  and  to  supply  tissue  from  tumors  to  the 
Biological  Carcinogenesis  Branch  (BCB)  collaborators  for  transplantation, 
tissue  culture,  and  virus  isolation  studies. 

Major  Findings:   Triannual  physical  examinations  have  been  conducted  on 
each  of  the  52  rhesus  monkeys  included  in  this  study.  The  periodic  ex- 
aminations concentrate  on  the  detection  of  developing  neoplasms.  Most  of 
the  animals  remain  in  fair  to  good  physical  condition.  During  the  most 
recent  survey,  eight  animals  were  classified  as  moderately  to  severely 
emaciated;  seven  animals  were  noted  to  be  relatively  thin;  and  32  animals 
were  noted  to  be  in  fair  to  good  physical  condition.  Skin  and/or  subcu- 
taneous nodules  or  masses  are  present  in  16  animals.  Most  of  these  con- 
sist of  small  papil loma-1 ike  lesions  of  the  skin  or  small  subcutaneous 
masses.  Three  animals  have  large  skin  or  subcutaneous  masses;  one  has  a 
large  lipoma  in  the  thigh  and  a  basal  cell  carcinoma  of  the  skin  of  the 
back,  third  has  a  basal  cell  carcinoma  of  the  skin  of  the  upper  arm.  Two 
animals  have  basal  cell  carcinomas  of  the  skin.  Four  animals  have  small 
or  large  masses  in  the  lower  abdomen  in  the  region  of  the  uterus. 

During  the  past  year,  three  animals  in  this  group  died.  One  death  was 
associated  with  colitis  and  pneumonia,  and  two  had  acute  gastric  dilation; 
none  of  the  three  animals  had  neoplasms.  Tumors  included  one  animal  with 
an  adenocarcinoma  and  one  with  a  leiomyosarcoma  of  the  colon  wall.  Invest- 
igators in  the  Biological  Carcinogenesis  program  received  12  specimens 
during  the  past  year.  These  included  four  serum  samples  and  eight  tumor 
specimens. 

Observations  in  this  group  of  animals  continue  to  confirm  their  value  as  a 
source  of  nonhuman  primate  tumor  material,  as  20  of  43  (46.5  percent) 
animals  which  have  died  have  had  neoplasms.   In  addition  5  animals  with 
neoplasms  are  currently  present  in  the  colony.  Twenty-one  of  the  25 
animals  (84  percent)  with  tumors  had  a  history  of  radiation  exposure. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
BCB  conducts  collaborative  projects  for  the  study  of  relationships  between 
the  etiologies  of  tumors  of  various  primates.  This  project  provides  tumor 
tissues  and  other  important  specimens  from  aging,  irradiated  subhuman 
primates  for  research  sponsored  by  the  BCB.  Malignant  changes  in  these 
irradiated  primates  may  provide  useful  information  which  might  be  applied 
to  humans,  who  are  also  subjected  to  similar  physical  stresses. 

Proposed  Course:  The  entire  group  of  monkeys  will  continue  to  be  moni- 
tored for  neoplasia  by  physical  and  hematologic  examinations.  All  tumors 
which  develop  will  be  evaluated  by  the  contractor  using  light  and  electron 
microscopy.   Specimens  of  these  tumors  will  be  made  available  to  BCB 
investigators.   In  addition,  a  program  is  underway  to  evaluate  the  inci- 
dence of  leukemia  or  other  tumors  in  infants  with  aging  and  irradiated 
parents. 

Date  Contract  Initiated:  May  1,  1971 
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Current  Annual  Level:  $33,000 

HEKTOEN  INSTITUTE  FOR  MEDICAL  RESEARCH  (N01-CP4-3344) 

Title:  Supply  of  Fresh  Human  Materials  Obtained  from  Patients  with 
Neoplastic  Diseases 

Contractor's  Project  Director:  Dr.  Paul  Szanto 

Project  Officer  (NCI):  Ms.  Wilma  L.  Varrato 

Objectives:  The  objective  of  this  contract  is  to  provide  sterile,  viable, 
and  freshly  frozen  normal  or  neoplastic  human  specimens  to  the  Biological 
Carcinogenesis  Branch  (BCB)  for  distribution  to  collaborating  laboratories 
for  biological,  chemical,  and  virological  cancer  research  investigations. 

Major  Findings:  During  the  year,  the  contractor  shipped  606  fresh  viable 
specimens  to  the  BCB  resources  processing  center,  and  120  fresh  specimens 
directly  to  investigators.  In  addition,  the  contractor  supplied  1,112 
frozen  tumor  and  organ  specimens  to  the  Research  Resources  repository.  The 
tumors  included  a  wide  variety  of  carcinomas,  adenocarcinomas,  sarcomas, 
and  metastatic  tissues.  Normal  tissues  and  benign  tumors  were  also  pro- 
vided. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  A 
continuous  supply  of  appropriate  human  tissues  from  patients  with  cancer 
is  vital  to  cooperative  cancer  research  investigations.  In  order  to  carry 
out  important  studies  on  the  biochemistry  and  immunology  of  suspected 
oncogenic  human  viruses,  it  is  imperative  that  large  quantities  of  human 
malignant  tissues  be  available  for  analysis. 

Proposed  Course:  This  contractor  will  continue  to  supply  tissue  specimens 
from  patients  with  neoplastic  disease  and  from  normal  individuals  for  the 
duration  of  the  approved  project  plan. 

Date  Contract  Initiated:  June  17,  1974 

Current  Annual  Level:  $167,999 


HOSPITAL  FOR  SICK  CHILDREN  (N01-CP6-1040) 

Title:  Normal  and  Leukemic  Human  Tissue  Collection 

Contractor's  Project  Director:  Dr.  Peter  D.  McClure 

Project  Officer  (NCI):  Ms.  Wilma  L.  Varrato 

Objectives:  To  gather  serum,  whole  blood,  and  tumor  specimens  for  a  wide 
variety  of  research  purposes  from  pediatric  leukemics,  relatives  of  such 
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patients,  and  non-leukemic  controls,  during  the  course  of  normal  clinical 
procedures. 

Major  Findings:   During  the  past  year  the  contractor  collected  specimens 
from  new  patients  with  leukemia  and  other  malignancies  and  from  patients 
on  long-term  follow-up.  Six  tissues,  9  buffy  coats,  and  70  serum  samples 
were  shipped  to  the  Research  Resources  repository  and  the  Biological 
Carcinogenesis  Branch  (BCB)  resources  processing  laboratory  for  dis- 
tribution. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  As 
the  largest  pediatric  hospital  in  North  America,  this  contractor  supplied 
many  vital  serum  specimens  not  readily  available  elsewhere.  The  contractor 
also  provided  an  important  service  to  Program  by  providing  numerous  sam- 
ples of  fresh  and  frozen  buffy  coats  and  tissue  specimens. 

Proposed  Course:  The  contract  expired  May  31,  1980. 

Date  Contract  Initiated:  June  1,  1976 

Current  Annual  Level:  No  funds  in  FY  80 


HUNTINGDON  RESEARCH  CENTER  (N01-CP9-1004) 

Title:  Preparation  of  Antisera  to  Oncogenic  or  Potentially  Oncogenic 
Viruses. 

Contractor's  Project  Director:  Dr.  Roger  Wil snack 

Project  Officer  (NCI):  Dr.  John  S.  Cole,  III 

Objectives:  The  objectives  of  this  contract  are  to  develop,  produce, 
characterize  and  distribute  antisera  to  oncogenic  viruses  and  their  com- 
ponents for  use  in  the  biological  carcinogenesis  program.  In  addition, 
antisera  to  immunoglobulins  of  various  animal  species  and  the  T-antigen  of 
SV40  are  produced. 

Major  Findings:  During  the  contract  year,  432  reagent  shipments,  consist- 
ing of  116  different  types  of  immunoreagents ,  were  prepared  and  delivered 
to  308  investigators. 

Five  new  reagents  were  developed  during  the  contract  year  consisting  of 
antisera  to  a  variety  of  glycosolated  and  nonglycosolated  proteins  iso- 
lated from  oncornavirus  preparations.  New  procedures  were  adapted  and 
modified  for  the  preparation  of  autologous  cell  culture  retrovirus  anti- 
sera particularly  suitable  for  immune  precipitation.  In  addition,  virus- 
induced  isogeneic  tumor  systems  have  been  maintained  to  provide  antisera 
(free  of  antibody  to  extraneous  proteins)  to  a  variety  of  ecotropic  and 
xenotropic  viruses. 


1374 


Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
contractor  serves  as  a  centralized  source  of  potent  and  specific  antisera 
developed  for  use  in  cancer  research.  The  close  collaboration  of  the 
project  with  BCB  research  programs  results  in  significant  usefulness  not 
only  to  program  but  to  the  entire  research  community. 

Proposed  Course:  This  effort  will  continue  to  provide  antisera  for  the 
needs  of  cancer-oriented  investigators. 

Date  Contract  Initiated:  October  1,  1978 

Current  Annual  Level:  $570,000 

JEWISH  HOSPITAL  AND  MEDICAL  CENTER  (N01-CP4-3251) 

Title:  Supply  of  Human  Specimen  Material  from  Patients  with  Malignancies 

Contractor's  Project  Director:  Dr.  Harvey  Dosik 

Project  Officer  (NCI):  Dr.  Jack  Gruber 

Objectives:  To  provide  tissues  and  serum  specimens  from  patients  with 
various  types  of  malignancies  and  genetic  disorders  related  to  cancer,  as 
well  as  from  patients  with  disorders  of  a  nonmalignant  nature,  to  collab- 
orating investigators  for  cancer  research. 

Major  Findings:  At  the  request  of  the  contractor,  a  six-month,  no  cost 
contract  extension  was  made  to  allow  for  final  shipment  of  specimens, 
orderly  phaseout  and  preparation  of  a  final  report. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Fresh  and  frozen  tissue  and  sera  from  patients  with  malignant  disorders, 
related  disorders,  and  individuals  without  malignancies  are  necessary  for 
experiments  to  determine  the  etiology  or  etiologies  of  various  malignan- 
cies. 

Proposed  Course:  This  contract  terminated  on  April  30,  1980 

Date  Contract  Initiated:  March  1,  1973 

Current  Annual  Level:  No  funds  in  FY  80. 

LIFE  SCIENCES.  INC.  (N01-CP3-3291) 

Title:  Production  of  Avian  Myeloblastosis  Virus  and  AMV  Reverse  Transcrip- 
tase 

Contractor's  Project  Director:  Dr.  Joseph  W.  Beard 

Project  Officer  (NCI):  Dr.  John  S.  Cole,  III 
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Objectives:  The  objectives  of  this  project  are  the  large-scale  vn   vivo 
production  of  BAI  strain  A  avian  myeloblastosis  virus  (AMV)  and  the  pre- 
paration and  distribution  of  significant  quantities  of  AMV  reverse  tran- 
scriptase enzyme. 

Major  Findings:   In  accordance  with  the  objectives  of  the  contract,  BAI 
strain  A  avian  myeloblastosis  virus  has  been  produced  by  harvest  of  the 
agent  from  the  blood  plasma  of  chicks  with  myeloblastic  leukemia  induced 
by  the  agent.   In  the  past  year,  a  total  of  263,920  chicks  have  yielded 
549  g  of  virus  of  which  125.12  g  have  been  shipped  to  28  investigators  in 
America.  A  total  of  6  shipments  of  26.2  g  were  made  to  laboratories  in 
several  countries  abroad  (Canada,  England,  France,  Germany,  India,  Russia, 
Sweden,  and  Switzerland).  Virus  was  also  used  in  this  laboratory  for 
passage  of  the  disease  (42.91  g)  or  preparation  of  reverse  transcriptase 
(453.8  g).   In  the  same  interval,  230  ml  of  myeloblast  cells  of  myelo- 
blastic leukemia  were  sent  to  four  workers  in  America  and  abroad.   Puri- 
fied reverse  transcriptase  continues  to  be  isolated  in  yields  of  20,000  - 
25,000  units  per  g  (wet  weight)  of  purified  AMV,  and  a  specific  activity 
of  30,000  -  50,000  units/mg  of  protein.  The  isolation  procedure  was 
greatly  simplified  to  produce  preparations  essentially  free  of  RNase.  A 
total  of  8,045,635  units  of  the  enzyme  were  sent  to  552  investigators  in 
the  past  12  months:  5,933,980  units  to  399  laboratories  in  the  continent- 
al United  States  and  2,111,655  units  were  sent  in  153  shipments  to  labora- 
tories in  various  countries  abroad  (Australia,  Austria,  Brazil,  Bulgaria, 
Canada,  Denmark,  England,  Finland,  France,  Germany,  Hawaii,  India,  Israel, 
Italy,  Japan,  Mexico,  Norway,  Russia,  Scotland,  South  Africa,  Sweden, 
Switzerland,  and  The  Netherlands). 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  An 
important  aspect  of  studies  of  biological  carcinogenesis  involves  studies 
on  the  interaction  of  cDNA  copies  of  oncornaviral  genomes  with  cellular 
protein  synthesis.  Such  studies  could  aid  in  determining  and  assigning 
functions  to  various  parts  of  the  viral  genome  and  in  determining  the 
possible  function  of  postulated  "src"  or  "one"  genes.  For  these  studies, 
a  large  and  consistantly  active  supply  of  reverse  transcriptase  enzyme  is 
vital.   In  addition,  reverse  transcriptase  is  of  great  importance  to 
certain  recombinant  DNA  studies.  A  third  area  of  importance  is  the  pro- 
vision of  large  (multi-gram)  quantities  of  avian  myeloblastosis  virus  for 
studies  on  the  mechanisms  of  induction  of  avian  tumors. 

Proposed  Course:  It  is  anticipated  that  the  contractor  will  continue  to 
meet  requests  for  avian  myeloblastosis  virus  and  will  continue  the  prepa- 
ration of  large  quantities  of  AMV  reverse  transcriptase. 

Date  Contract  Initiated:  April  19,  1971 

Current  Annual  Level:  $560,000 

LIFE  SCIENCES,  INC.  (NG1-CP6-1005) 

Title:  Production  and  Maintenance  of  Selected  Reagent  Grade-Specific 
Pathogen-Free  Animals 
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Contractor's  Project  Director:  Dr.  Wendall  M.  Farrow 

Pro.ject  Officer  (NCI):  Dr.  John  S.  Cole,  III 

Objectives:  To  produce  specific  pathogen-free  (SPF)  animals  for  cancer 
research.  SPF  animals  are  maintained  under  environmentally  controlled 
conditions  which  preclude  intercurrent  infection  by  pathogenic  micro- 
organisms or  infestation  by  parasites  and  are  referred  to  as  "reagent- 
grade"  hosts. 

Major  Findings:  A  small  inbred  SPF  BALB/c  colony,  housed  in  an  isolator, 
supplied  300  young  breeders  to  expand  one  supply  colony  maintained  in  a 
barrier  cubicle.  One  barrier-sustained  outbred  BALB/c  colony  supplied  520 
time-bred  animals  to  recipients.  A  caesarean-derived  SPF  BALB/c  nude 
strain  supplied  2,633  nu/nu  and  1227  nu/+  mice  to  investigators.  No 
detectable  antibody  to  ten  murine  viruses  was  observed  in  the  normal  or 
nude  BALB/c  mouse  colonies.  A  small  expansion  colony  of  NIH  Swiss  mice 
produced  521  time-bred  animals  and  83  adults  for  recipients.  The  NIH 
Swiss  nude  mouse  colonies  supplied  4,566  nu/nu,  and  1,897  nu/+.  The  NIH 
Swiss  strains  continue  to  show  no  detectable  antibody  to  common  murine 
agents.  A  small  maintenance  colony  (10  males,  50  females)  of  RIII  mice 
was  held  in  an  isolator  system. 

An  outbred  SPF,  leukosis-free  flock  of  Japanese  quail  produced  18,358 
fertile  or  embryonated  eggs  and  for  investigators.  A  supply  flock  of  avian 
pathogen-free  White  Leghorn  chickens  supplied  9,560  C/E,  fertile  eggs. 
Additionally,  2,892  embryonated  eggs  (9-11  days  incubation)  and  536  chicks 
1-3  days  of  age  were  produced  for  recipients.  To  maintain  definitive 
status  of  the  White  Leghorn  flock,  450  single  embryos  were  phenotyped  and 
monitored  for  avian  oncornavirus  GS-1,  chick  helper  factor  and  RIF._ 
Monitoring  of  sera  from  retired  pedigreed  chickens  indicated  no  evidence 
of  avian  pathogens,  including  avian  leukosis  and  Marek's  herpesvirus. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  This 
contract  provides  Biological  Carcinogenesis  Branch  investigators  with 
genetically  and  microbiologically  well-defined  laboratory  animals.  The 
advantage  of  having  such  animals  is  that  oncogenic  and  suspected  oncogenic 
viruses  can  be  administered  to  them  with  a  minimal  danger  of  interference 
from  other  contaminating,  adventitious  microorganisms.  Therefore,  research 
can  be  carried  out  upon  animals  with  a  known  and  controlled  viral  flora, 
and  cell  lines  can  be  derived  from  these  animals  which  share  this  same 
advantage. 

Proposed  Course:  This  service- type  contract  for  the  production  of  reagent 
grade  SPF  animals  will  be  continued  with  the  flexibility  of  being  reori- 
ented as  rapidly  as  possible  to  meet  changing  needs  of  BOB  activities  as 
they  occur. 

Date  Contract  Initiated:  February  8,  1968 

Current  Annual  Level:  $435,000 
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LIFE  SCIENCES,  INC.  (N01-CP8-1Q23) 

Title:  Production,  Purification,  and  Concentration  of  Potentially 
Oncogenic  DNA  Viruses 

Contractor's  Project  Director:  Dr.  Meihan  Nonoyama 

Project  Officer  (NCI):  Dr.  John  S.  Cole,  III 

Objectives:  The  objectives  of  this  contract  are  to  prepare,  process,  and 
purify  high  quality  Epstein-Barr  virus  (EBV)  of  both  895-8  and  P3HRI 
strain,  and  to  prepare  55S  EBV  DNA  for  biochemical/molecular  biology 
studies  of  the  role  of  EBV  in  human  cancer. 

Major  Findings:  During  the  past  year,  the  contractor  has  produced  and 
processed  1,080  liters  of  EBV  containing  fluids.  gOver  150  ml  of  virus 
were  distributed,  ranging  in  liters  from  10^  -  10  /ml.  In  addition,  183pg 
of  purified  viral  DNA  was  distributed. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  Of 
all  the  viruses  implicated  in  human  cancer,  perhaps  the  best  case  for  a 
viral-tumor  association  can  be  made  for  EBV.  It  is  of  extreme  importance 
to  provide  sufficient  amounts  of  the  infectious  and  transforming  virus  and 
of  viral  DNA  so  that  studies  can  proceed  to  further  elucidate  the  possi- 
ble role  of  this  agent  in  human  disease. 

Proposed  Course:  This  contract  will  continue  to  provide  high  quality  EBV 
to  grantees  and  contractors  of  the  BCB. 

Date  Contract  Intiated:  July  31,  1978 

Current  Annual  Level:  $254,565 

LITTON  BIONETICS,  INC.  (N01-CP9-1022) 

Title:  Operation  of  a  Facility  to  Provide  and  Maintain  Subhuman  Primates 
for  Cancer  Research 

Contractor's  Project  Director:  Dr.  John  Cicmanec 

Project  Officer(s)  (NCI):   Dr.  Garrett  V.  Keefer 

Dr.  Jack  Gruber 

Objectives:  The  objective  of  this  contract  is  the  maintenance  of  a  breed- 
ing coloney  for  the  white-handed  Gibbon  and  laboratories  necessary  for 
innoculation,  care,  and  monitoring  of  primates. 

Major  Findings:   It  is  anticipated  that  this  effort  will  continue  to 
provide  a  biologically  contained  holding  facility  for  several  species  of 
non-human  primates  inoculated  with  tumor  viruses. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Inasmuch  as  experimentation  for  the  biological  activity  of  candidate  human 
cancer  viruses  will  not  be  carried  out  on  humans,  it  is  imperative  that 
another  system  be  developed  for  these  determinations  and  subsequently  for 
the  evaluation  of  vaccines  or  other  measures  of  control.  The  close  phylo- 
genetic  relationship  of  the  lower  primates  to  man  justifies  utilization  of 
these  animals  for  these  purposes. 

Proposed  Course:  This  contract  will  continue  the  following  activities: 
continuing  efforts  in  the  establishment  of  a  breeding  colony  of  gibbon 
apes;  and  the  long-term  holding  and  study  of  experimental  animals  inocu- 
lated by  collaborating  investigators.  All  of  the  systems  needed  for  the 
production,  handrearing,  isolation,  and  proper  care  of  the  primate  species 
represented  are  included  within  this  program. 

Date  Contract  Initiated:  January  1,  1979 

Current  Annual  Level:  $579,746 

MASON  RESEARCH  INSTITUTE  (N01-CP6-1052) 

Title:  Studies  on  the  Role  of  Hormonal  Factors  in  the  Induction  of 
Mammary  Tumors  in  Rhesus  Monkeys  Infected  with  Mason-Pfizer 
Monkey  Virus 

Contractor's  Project  Director:  Dr.  Arthur  E.  Bogden 

Project  Officer  (NCI):  Dr.  Garrett  Keefer 

Objectives:  To  provide  support  for  the  holding  and  observation  of  virus 
infected  non-human  primates. 

Major  Findings:  MPMV,  originally  isolated  from  a  spontaneous  breast  tumor 
in  a  rhesus  monkey,  has  been  described  as  a  prototype  virus  of  the  type  D 
retroviruses.  Active  infection  in  the  majority  of  MPMV- inoculated  sub- 
human primates  being  held  at  the  contractor's  laboratory  and  monitored  for 
mammary  tumor  induction  has  been  confirmed  by  radioimmunoassay  screening 
for  the  specific  MPMV  core  protein  p27  in  the  serum.  Emerging  parallels 
in  the  immunobiological  characteristics  of  MuMTV  and  MPMV  suggest  a  possi- 
ble role  of  MPMV  in  mammary  tumorigenesis  in  the  subhuman  primate. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
MPMV  was  recovered  from  a  primate  mammary  cancer,  it  possesses  character- 
istics common  to  known  oncogenic  viruses,  and  cross-reactions  have  been 
observed  between  the  viral  antigens  and  antigens  present  in  human  breast 
cancer  specimens.  Investigation  for  possible  oncogenic  properties  in  a 
primate  host  is  valuable  as  a  potential  model  for  human  breast  cancer. 

Proposed  Course:  Continuation  of  the  holding  and  observation  of  the 
primates  is  planned  to  provide  information  on  the  role  of  MPMV  in  mammary 
tumorigenesis  in  subhuman  primates. 
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Date  Contract  Initiated:  June  9,  1970 
Current  Annual  Level:  $130,000 

MASON  RESEARCH  INSTITUTE  (N01-CP7-1000) 

Title:  Support  Effort  for  the  Coordinated  Processing  of  Fresh  and  Viable 
Human  Specimen  Materials 

Contractor's  Project  Director:  Ms.  Gretchen  Stroemer 

Project  Officer(s)  (NCI):  Ms.  Wilma  Varrato 

Dr.  Garrett  V.  Keefer 

Objectives:  The  primary  objective  of  the  project  was  to  assist  the  Bio- 
logical Carcinogenesis  Branch  in  the  pick-up,  handling,  coordination,  and 
delivery  of  human  neoplastic  and  normal  specimens  for  cancer  research. 

Major  Findings:  Biological  materials  handled  by  this  project  are  avail- 
able as  by-product  material  from  necessary  clinical  diagnostic  and  treat- 
ment procedures.  These  include  tumor  tissues,  blood  samples  and  other 
surgical  tissues  contributed  from  resource  contractors  in  the  United 
States  and  Canada.  During  the  past  year,  the  contractor  helped  coordinate 
the  distribution  of  more  than  2,300  human  specimens,  supplied  by  NCI 
contract  sources,  thus  permitting  recipient  research  investigators  to 
undertake  intensive  studies  on  the  possible  causes  of  human  cancer. 


Significance  to  Biomedical  Research  and  the  Program  of  the  Ir 
is  not  sufficient  that  sources  of  human  tumor  materials  from 


Institute:   It 
-  -.  ......  cancer  re- 
search exist;  it  is  also  necessary  that  the  capabilities  of  these  sources 
be  coordinated  with  the  needs  of  the  investigators  who  require  specific, 
and  often  fresh,  specimens.  This  contractor,  under  the  direction  of  the 
NCI  project  officer,  serves  as  a  direct  interface  between  the  user  and 
suppl ier. 

Proposed  Course:  This  contract  terminated  on  October  7,  1979  with  the 
expiration  of  its  project  plan. 

Date  Contract  Initiated:  October  8,  1975 

Current  Annual  Level:   No  Funds  in  FY  80 


MASON  RESEARCH  INSTITUTE  (N01-CP7-1001) 
Title:   Resources  and  Information  Data  Management 
Contractor's  Project  Director:  Mr.  Mark  Gladstone 
Project  Officer  (NCI):  Ms.  Wilma  Varrato 
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Objectives:  To  assist  in  processing,  storage,  and  retrieval  of  data  asso- 
ciated with  research  resource  materials  of  the  Biological  Carcinogenesis 
Branch. 

Major  Findings:  During  the  last  year,  the  contractor  continued  to  provide 
computer  support  to  the  Biological  Carcinogenesis  Branch.  Efforts  were 
directed  toward:  a)  the  design  and  development  of  new  and  revised  systems 
for  the  management  of  the  collection,  storage,  and  distribution  of  re- 
search materials;  b)  data  entry  to  support  the  operation  of  existing 
systems;  c)  the  development  and  production  of  reports  systems;  and  d) 
documentation  of  revisions  to  current  and  newly  developed  systems  and 
programs. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Computerization  of  resources  data  makes  it  possible  for  the  Biological 
Carcinogenesis  Branch  to  exercise  close  control  over  the  inventory  of 
viruses,  sera,  human  tissues,  and  other  materials  provided  by  the  NCI  and 
used  in  cancer  research.  In  addition,  computerization  makes  it  possible 
to  rapidly  obtain  information  necessary  to  determine  availability,  loca- 
tion, quantity,  etc.  of  all  resources  within  its  jurisdiction,  thereby, 
permitting  rapid  response  to  needs  of  the  Program  while  avoiding  resource 
excesses  or  shortages. 

Proposed  Course:  The  contractor  will  provide  systems  analysis,  computer 
programming,  and  management  of  data  as  required  by  BCB.  The  contractor 
will  extend  and  refine  the  central  inventory  and  distribution  system  as 
necessary  to  meet  the  ever-changing  requirements  for  materials  used  in 
cancer  research.  Appropriate  management  reports  will  be  generated  as 
required. 

Date  Contract  Initiated:  March  1,  1977 

Current  Annual  Level:  $351,288 

MEMORIAL  HOSPITAL  FOR  CANCER  AND  ALLIED  DISEASES  (N01-CP6-1038) 

Title:  Acquisition  of  Human  Specimens  For  Use  in  Cancer  Research 

Contractor's  Project  Director:  Dr.  Yashar  Hirshaut 

Project  Officer  (NCI):  Dr.  Jack  Gruber 

Objectives:  To  collect  sera  and  tissues  from  human  subjects  with  neo- 
plastic tumors  to  be  used  in  cancer  research  studies  by  collaborating 
investigators  engaged  in  cancer-related  studies. 

Major  Findings:  The  Tumor  Procurement  Center  at  Memorial  Hospital  for 
Cancer  and  Allied  Diseases  is  a  major  facility  for  the  collection  of  human 
materials  to  be  used  in  cancer  research.  In  the  past  year  recipient 
investigators  have  been  provided  with  1,288  tissue  samples;  92  effusions; 
1,395  bone  marrow  aspirates,  and  2,237  samples  of  packed  white  blood 
cells.  Four  thousand  eight  hundred  and  thirty  specimens  were  shipped  to 
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recipients  designated  by  National  Cancer  Institute  and  5,215  to  other 
investigators.  Total  distribution  was,  therefore,  10,045  tissue  and  cell 
samples  to  102  investigators  (98%  of  which  have  peer-reviewed  research 
support. ) 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Rapid  progress  has  been  made  in  the  study  of  oncogenic  animal  viruses. 
Unfortunately,  human  studies  have  frequently  been  limited  by  the  lack  of 
suitable  materials  to  be  used  in  virus  isolation  and  detection  attempts. 
The  procurement  program  at  Memorial  Hospital  for  Cancer  and  Allied  Di- 
seases in  New  York  City  provides  cooperating  investigators  with  sufficient 
numbers  of  specimens  from  tumor-bearing  patients  to  permit  them  to  under- 
take intensive  studies  of  the  possible  viral  etiology  of  human  cancer. 

Proposed  Course:   It  is  anticipated  that  this  contractor  will  continue  to 
supply  material  according  to  the  needs  of  the  Program. 

Date  Contract  Initiated:  March  1,  1971 

Current  Annua!  Level:  $175,000 


necessary  to  meet  the  ever-changing  requirements  for  materials  used  in 
cancer  research.  Appropriate  management  reports  will  be  generated  as 
required. 

Date  Contract  Initiated:  March  1,  1977 

Current  Annual  Level:  $351,288 

MICROBIOLOGICAL  ASSOCIATES,  INC.  (N01-CP3-3288) 

Title:  Development  of  Laboratory  Animal  Virus  Diagnostic  Reagents  and 
Operation  of  a  Service  Laboratory 

Contractor's  Project  Director:  Dr.  Michael  Collins 

Project  Officer  (NCI):  Dr.  John  S.  Cole,  III 

Objectives:  To  develop  reagents  and  tests  for  the  detection  of  rodent 
viruses;  to  apply  these  and  other  tools  in  the  determination  of  the  impor- 
tance of  the  indigenous  viruses  in  experimental  systems;  to  study  means 
for  elimination  of  viruses  from  laboratory  animal  populations;  and  to 
assist  in  the  characterization  of  the  gene-dependent  expression  of  murine 
leukemia. 

Major  Findings:  The  contractor  operates  a  murine  virus  serodiagnostic  and 
viral  diagnostic  laboratory  for  the  Biological  Carcinogenesis  Branch,  NCI. 
During  this  report  period,  over  40,000  serological  tests  were  performed  on 
sera  from  mice,  rats,  hamsters  or  guinea  pigs.  Many  of  the  tests  were  in 
conjunction  with  the  NIH  ectromelia  virus  outbreak.  A  total  of  199  animal 
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tissues,  transplantable  tumors,  ascites,  cell  cultures,  and  viral  reagents 
were  tested  for  murine  viral  contamination  by  the  mouse  antibody  pro- 
duction (MAP)  procedure.  Special  tests  for  the  detection  of  lactic  de- 
hydrogenase (LDH)  virus  were  conducted  on  404  tumor  or  oncogenic  viral 
preparations  and  3,680  XC  plaque  assays  were  conducted  for  the  detection 
of  murine  leukemia  in  cell  cultures  and  animal  tissues.  The  contract  pro- 
duced and  maintained  an  inventory  of  36  different  viral  diagnostic  re- 
agents. Production  included  2,100  ml  of  viral  reagents  and  500  ml  of 
specific  antisera.  These  reagents  are  available  and  were  supplied  on 
request  to  20  investigators.  Direct  isolations  of  mouse  hepatitis  virus 
(MHV)  and  Sendai  viruses  from  tissues  of  diseased  animals  or  from  cell 
cultures  were  conducted  on  36  specimens.  An  enzyme-linked  immunoadsorbent 
assay  (ELISA)  was  developed  for  the  detection  of  Sendai  and  MHV  anti- 
bodies. 

The  contract  continues  to  provide  a  service,  which  is  not  available  else- 
where, to  several  NIH  programs  involving  (1)  the  effects  of  host  genetics 
on  the  expression  of  murine  leukemia;  (2)  the  pathogenicity  of  murine  type 
C  virus  isolates;  (3)  the  infectivity  of  polyoma  virus  DNA;  and  (4)  type  C 
RNA  virus  isolates  from  wild  mice. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
virus  diagnostic  capabilities  provide  the  NCI  with  the  ability  to  monitor 
laboratory  rodent  colonies  and  laboratory  animal-produced  viral  reagents 
and  tumors  which  have  resulted  in  the  production  of  highly  characterized 
systems  for  cancer  research.  This  contract  provides  assistance  and  gui- 
dance of  particular  importance  for  the  detection  of  lymphocytic  chorio- 
meningitis (LCM)  in  rodent  systems. 

Proposed  Course:  To  continue  the  serodiagnostic  services  outlined  above 

and  to  improve  the  sensitivity  of  the  tests.  To  apply  the  information 

developed  to  reduce  and  control  viral  infections  in  laboratory  animal 
colonies  and  materials  derived  from  animals. 

Date  Contract  Initiated:  April  10,  1961 

Current  Annual  Level:  $569,920 

MICROBIOLOGICAL  ASSOCIATES,  INC.  (N01-CP9-1016) 

Title:  Operation  of  a  Repository  and  Distribution  Center  for  Biological 
Materials 

Contractor's  Project  Director:  Dr.  Robert-John  Trapani 

Project  Officer  (NCI):  Dr.  John  S.  Cole,  III 

Objectives:  This  contract  provides  a  secure  low- temperature  storage 
facility  for  specially  developed  biological  reagents  and  clinical  speci- 
mens. The  facility  receives,  inventories,  stores,  and  distributes  these 
materials  to  both  domestic  and  foreign  recipients  as  authorized  by  Research 
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Resources,  BCB.  Accurate  computerized  inventories  and  records  of  shipment 
are   provided  to  the  Branch. 

Major  Findings:  This  effort  made  over  100  shipments  of  virus  and  antisera 
to  foreign  and  domestic  laboratories  in  the  past  year.  Over  15,000  human 
specimens  have  been  shipped,  and  approximately  6,000  have  been  received. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  An 
efficient  research  program  must  have  readily  accessible  and  adequately 
characterized  resource  materials.  The  storage  and  shipping  facilities 
operated  under  this  contract  enables  grantees  and  contractors  of  the  BCB 
to  have  access  to  a  large  inventory  of  special  research  materials  without 
the  burden  of  procurement,  storage,  inventory,  and  distribution. 

Proposed  Course:  It  is  anticipated  that  the  activities  of  this  contract 
will  continue  to  provide  rapid  and  flexible  support  to  changing  needs  of 
the  Biological  Carcinogenesis  Branch  and  its  collaborating  investigators. 

Date  Contract  Initiated:  December  8,  1978 

Current  Annual  Level:  $261,307 


NAVY,  DEPARTMENT  OF  (Y01-CP8-0500) 

Title:  Development  and  Characterization  of  Cell  Substrates  for  Utili- 
zation in  Cancer  Research  and  Allied  Studies 

Contractor's  Project  Director(s):  Dr.  Neylan  Vedros 

Dr.  Walter  Nelson-Rees 

Project  Officer  (NCI):  Dr.  Jack  Gruber 

Objectives:  The  Cell  Culture  Laboratory  (CCL)  is  physically  located  at 
the  Naval  Biosciences  Laboratory  (NBL),  Oakland,  California.  This  project 
includes  the  development  and  evaluation  of  cell  substrates  for  the  study 
of  cancer  viruses,  development  of  large  quantities  of  specific  cell  sub- 
strates, karyotyping  of  cell  cultures,  and  performing  biophysical,  viro- 
logical,  and  cytogenetic  applied  research. 

Major  Findings:   During  the  reporting  period,  the  contractor  continued  to 
initiate,  grow,  preserve,  characterize,  and  distribute  a  variety  of  human 
and  animal  cells  for  utilization  in  cancer  research.  Procedures  utilized 
are  such  that  antibiotic-free  cultivation  is  achieved  in  the  majority  of 
cases.  Routine  laboratory  procedures  are  such  that  mycoplasma  contami- 
nation occurs  at  only  a  very  low  frequency  among  the  numerous  cultures 
initiated,  grown,  and  preserved  in  this  laboratory. 

During  this  reporting  period,  approximately  1,000  cell  culture  seed  stocks 
(ampoules  and  flasks)  were  distributed  to  100  individual  scientists. 

A  number  of  valuable  cell  lines  of  tumor  origin  have  been  received  from 
other  laboratories  and  processed  at  CCL  for  distribution;  among  these  were 
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four  of  human  origin.  Approximately  20  laboratories  have  submitted  100 
individual  cell  cultures  for  analysis  of  species  and  cell  line  purity. 
Approximately  33  percent  were  as  purported  and  others  involved  intra-  and 
inter-species  contamination.  Activities  of  this  nature  are  projected  to 
continue  at  the  same  or  increased  levels  for  the  duration  of  the  contract. 

Morphologically  abnormal  cell  lines  are  being  compared  to  morphologically 
normal  cells  in  terms  of  growth  pattern,  cell  doubling  time,  saturation 
density,  clonal  growth  on  various  substrates,  karyology,  and  tumorgenicity 
in  nude  mice.  Clonal  growth  studies  are  in  progress  on  a  variety  of  low 
passage,  nonHeLa,  human  cancer  cell  lines  in  an  effort  to  define  the 
optimum  nutrition  and  environmental  conditions  for  culture  of  such  cells. 

Karyologic  characterization  of  all  cells  maintained  in  the  repository 
continues  and  specific  collaborative  programs  requiring  the  use  of  karyo- 
logic data  are  in  progress. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
contractor  has  an  excellent  tissue  culture  facility  and  is  supplying  cell 
cultures  for  cancer  research  studies  to  NCI  investigators,  to  BCB  contract- 
ors and  grantees,  and  the  general  scientific  community.  The  contract  con- 
tinues to  develop  techniques  for  the  identification  and  study  of  cells 
oriented  toward  a  study  of  the  fundamental  biology  of  tumor  cells  and  the 
interaction  between  tumor  cells  and  viruses  of  oncogenic  importance. 

Proposed  Course:  Continue  to  develop  cell  reagents  as  substrates  for 
human  carcinogenesis;  continue  a  reference  laboratory  for  karyology  of 
cells  in  culture;  continue  repository  and  distribution  functions. 

Date  Contract  Initiated:  October  1,  1977 

Current  Annual  Level:  $561,949 

PFIZER,  INC.  (NQ1-CP9-1018) 

Title:  Large-Scale  Tissue  Culture  Virus  Production  for  Cancer  Research 

Contractor's  Project  Director:  Dr.  John  Wolfe 

Project  Officer  (NCI):  Dr.  Jack  Gruber 

Objectives:  To  provide  a  service  facility  for  the  production  of  large 
volumes  of  oncogenic  and  suspected  oncogenic  viruses,  cellular  antigens, 
and  tissue  culture  cell  lines.  Production  of  these  materials  is  supported 
by  appropriate  laboratory  groups  whose  activities  include  process  improve- 
ment, product  standardization,  quality  control  testing,  and  applied  de- 
velopmental research. 

Major  Findings:  The  contractor  produces,  harvests,  and  concentrates 
virus-containing  fluids  from  a  variety  of  cell  culture  systems  to  meet  a 
commitment  for  oncogenic  or  suspected  oncogenic  viruses.  The  virus  har- 
vests are  clarified,  chilled,  and  concentrated  by  continuous  flow  with 
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banding  in  KII  or  RK  ultracentrifuges.  Virus-containing  fractions  from 
the  sucrose  gradients  are  concentrated  by  single  or  double-banding  using 
zonal  rotors.   Final  virus  pel letization  is  accomplished  with  preparative 
fixed-angle  centrifugation  procedures.  Quality  control  evaluation  of  all 
viruses  and  reagents  produced  is  routinely  conducted  to  certify  that 
acceptable  standards  of  quality  are  met.   During  this  period,  15,000 
liters  of  virus-contained  fluid  were  harvested  and  processed  to  give  an 
average  of  450  liters  per  week.  Over  100  shipments  of  virus  and  cells 
were  made  to  50  investigators  in  the  United  States  and  Europe.   Production 
of  Simian  agents  (MPMV,  BV-CT,  SSV-1  and  GaLV)  accounted  for  77%  of  the 
output.  Feline  agents  (RD-114  and  feline  leukemia  virus)  accounted  for 
21%  and  EBV  accounted  for  2%.  At  the  request  of  the  contractor  this 
effort  was  terminated  June  30,  1980.  Government  owned  reagents  were 
transferred  to  the  BCB  repository. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  This 
contract  is  a  valuable  resource  for  the  biological  carcinogenesis  extra- 
mural research  scientist.  The  staff  and  facilities  provide  support  for  a 
large  number  of  collaborating  investigators  and  make  possible  studies  of 
viruses  in  cancer  that  otherwise  might  not  be  possible. 

Proposed  Course:  The  contract  expired  June  30,  1980.  A  successor  con- 
tract, of  smaller  magnitude,  will  be  sought  through  the  competitive  pro- 
cess. 

Date  Contract  Initiated:  January  1,  1979 

Current  Annual  Level :  $414,300  for  six  months 


RUSH-PRESBYTERIAN-ST.  LUKE'S  MEDICAL  CENTER  (N01-CP7-1Q14) 

Title:  Marmoset  Colony  for  Cancer  Research 

Contractor's  Project  Director:  Dr.  Lauren  G.  Wolfe 

Project  Officer  (NCI):   Dr.  Garrett  V.  Keefer 

Objectives:  The  aim  of  this  contract  is  the  development  and  maintenance 
of  a  marmoset  breeding  colony  in  order  to  ultimately  have  appropriate 
numbers  of  these  animals  available  for  experimental  use,  and  to  provide  a 
marmoset  facility  that  includes  a  support  laboratory  for  the  inoculation 
and  monitoring  of  animals  under  study  as  well  as  an  adequate  animal  con- 
tainment-holding area. 

Major  Findings:  This  program  provides  a  resource  of  marmosets  and  the 
technical  expertise  for  performance  of  experimental  studies  j_n  vivo  and 
selected  methods  in  virology  u]  vitro.  The  marmoset  colony  currently 
numbers  380  animals:   146  breeders,  89  experimental  animals,  and  145  young 
uninoculated  animals.  The  breeding  colony  contains  73  cotton-topped 
(Saguinus  oedipus),  57  white-lipped  (Saguinus  sp.)  and  16  common  (Calli- 
thrix  jacchus)  marmosets.   Eighty-four  offspring  were  produced  during  the 
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reporting  period.  The  colony  served  as  a  resource  in  support  of  six 
research  projects  approved  by  the  Research  Resources  Primate  Utilization 
Review  Group.   Eighty-eight  animals  were  used  in  the  experimental  studies; 
virology,  clinical  pathology  and  pathology  services  were  supplied  for 
performance  of  certain  studies. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Inasmuch  as  experimentation  for  the  biological  activity  of  candidate  human 
viruses  will  not  be  carried  out  on  humans,  it  is  imperative  that  another 
system  be  developed  for  these  determinations  and  subsequently  for  the 
evaluation  of  vaccines  or  other  measures  of  control.  The  close  phylo- 
genetic  relationship  of  the  lower  primates  to  man  justifies  utilization  of 
these  animals  for  these  purposes.  The  marmoset  appears  to  be  especially 
suitable  for  use  as  a  comparative  model  system.  To  date,  at  least  five 
and  possibly  six  virus  tumor  models,  including  Epstein-Barr  and  Herpes- 
virus saimiri  viruses,  have  been  established  in  marmoset  monkeys.  In 
addition,  because  of  its  small  size,  the  marmoset  is  economical  to  house 
yet  it  is  large  enough  for  routine  surgical  procedures  and  serological 
monitoring. 

Proposed  Course:  Continuation  of  support  services  as  described. 

Date  Contract  Initiated:  April  1,  1977 

Current  Annual  Level:  $307,500 

SLOAN-KETTERING  INSTITUTE  FOR  CANCER  RESEARCH  (N01-CP7-1Q03) 

Title:  Influence  of  Virus-Related  Genes  on  Susceptibility  to  Cancer 

Contractor's  Project  Director:  Dr.  Edward  A.  Boyse 

Project  Officer  (NCI):  Dr.  Stephen  O'Brien 

Objectives:  (1)  Breeding,  maintenance,  and  supply  of  congenic  strains  of 
mice  which  differ  from  their  partner  strains  in  expression  of  genes  con- 
cerned with  production  or  control  of  leukemia  virus,  and  (2)  testing  these 
paired  strains  for  their  susceptibility  to  spontaneous  and  induced  malig- 
nancy. 

Major  Findings:  During  the  past  year,  the  contractor  continued  to  supply 
breeding  pairs  of  congenic  mice  to  both  foreign  and  domestic  grantees  and 
contractors  of  the  BCB.  More  than  40  percent  of  the  recipients  have 
published  papers  utilizing  the  progeny  of  these  animals.  Efforts  continue 
to  be  directed  to  attaining  the  20  generations  of  mice  necessary  to  a 
defined  genetic  background. 

Significance  for  Biomedical  Research  and  the  Program  of  the  Institute: 
Genetic  control  of  susceptibility  to  spontaneous  and  viral-induced  leu- 
kemia in  mice  has  been  well  documented.  However,  the  mechanism  of  control 
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by  the  several  loci  involved  has  only  recently  received  attention.  The 
present  study  has  been  designed  to  assign  specific  functions  to  each 
controlling  genetic  allele.   Identification  of  genetic  control  mechanisms 
in  murine  strains  should  form  the  groundwork  for  identifying  similar 
controlling  factors  in  other  species,  including  man. 

Proposed  Course:  "Quartets"  of  four  strains,  representing  two  base  strains 

and  two  corresponding  congenic  strains  in  which  the  differentiating  alleles 

have  been  switched  both  ways,  will  be  developed  and  supplied  to  all  quali- 
fied, interested  investigators.  Seven  quartets  are  planned  covering  the 
H-2,  Fv-1,  PC,  TL  and  GIX  loci.  The  influence  of  each  of  the  alleles  on 
expression  of  virus,  host  response  to  viral  products,  and  occurrence  of 
leukemia  will  be  investigated  by  monitoring  virological,  immunological  and 
pathological  parameters  during  the  life  span  of  these  strains. 

Making  use  of  congenic  stocks  already  established,  selected  'double' 
congenic  strains  will  be  made  in  which  alleles  of  two  loci  will  be  sub- 
stituted on  a  genotypic  background  common  to  that  on  which  each  allele  was 
individually  isolated  in  the  first  place.  This  will  permit  assessment  of 
the  joint  action  of  alleles  of  two  genes,  as  compared  with  either  alone, 
on  virus-related  characteristics  and  on  susceptibility  to  neoplasia  and 
other  diseases  associated  with  type  C  virus. 

Date  Contract  Initiated:  December  15,  1976 

Current  Annual  Level:  $140,000 

UNIVERSITY  LABORATORIES,  INC.  (N01-CP3-3222) 

Title:  Production  of  Oncogenic  Viruses  and  Antisera 

Contractor's  Project  Director:  Dr.  John  S.  Cole,  III 

Objectives:  To  supply  a  variety  of  oncogenic  viruses  and  their  antisera 
in  volumes  necessary  to  meet  biological  carcinogenesis  research  needs. 

Major  Findings:  The  contractor  continued  to  supply  Rous  sarcoma  virus  to 
grantees,  contractors,  and  collaborating  investigators  funded  by  the 
Biological  Carcinogenesis  Branch  (BCB)  whose  research  was  initiated  with 
this  product  while  evaluation  of  the  virus  supplied  by  the  new  contract  or 
is  taking  place. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
supply  of  oncogenic  viruses  produced  by  this  contractor  has  been  extensive- 
ly used  by  BCB  researchers  to  elucidate  mechanism  involved  in  tumor  in- 
duction by  avian  K  retroviruses. 

Proposed  Course:  The  current  contract  expired  June  30,  1980.  The  effort 
was  subject  to  competition  as  needs  for  highly  characterized  and  purified 
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RSV  continue  at  a  high  level.  Future  needs  for  Avian  viruses  will  be 
supplied  by  another  contractor. 

Date  Contract  Initiated:  June  4,  1962 

Current  Annual  Level:  $230,988 
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ilOLOGICAL  CARCINOGENESIS  BRANCH 
GRANTS  ACTIVE  DURING  FY80 


DNA  VIRUS  STUDIES 
Investigator/ Institution/Grant  Number 


Title 


ALONI,  Yosef 

Weizmann  Institute  of  Science 

2  ROl  CA  14995-07 

ALWINE,  James  C 
University  of  Pennsylvania 

1  ROl  CA  28379-01 

ARMENTROUT,  Richard  W 
University  of  Cincinnati 

2  ROl  CA  16517-05 

BASILICO,  Claudio 
New  York  University 
2  POl  CA  16239-06 

BASILICO,  Claudio 
New  York  University 
2  ROl  CA  11893-10 

BAUM,  Stephen 
Yeshiva  University 
2  ROl  CA  10945-10 

BENJAMIN,  Thomas  L 
Harvard  University 
1  ROl  CA  25390-02 

BENJAMIN,  Thomas  L 
Harvard  University 
5  ROl  CA  19567-04 

BERG,  Paul 
Stanford  University 
5  ROl  CA  15513-06 

BERK,  Arnold  J 

University  of  California  (LA) 

1  ROl  CA  25235-02 

BLACK,  Paul  H 

Massachusetts  General  Hospital 

7  ROl  CA  28107-01 


Control  of  Gene  Expression  in  Tumor 
Viruses  and  Cel Is 


Regulation  of  DNA  Tumor  Virus 
Gene  Expression 


Events  of  Parvovirus  and  Animal 
Cell  DNA  Synthesis 


Biosynthesis  in  Normal  and  Virus- 
Transformed  Cells 


Cellular  and  Viral  Control  of  Onco- 
genetic Transformation 


Interaction  of  Oncogenic  Viruses 
(Adenovirus  and  SV40) 


Effects  of  HR-T  Mutations  on 
Polyoma  Gene  Expression 

Mechanism  of  Cell  Transformation 
by  Polyoma  Virus 

Basic  Mechanisms  in  Viral  Carcino- 
genesis 


Biosynthesis  of  Adenovirus  Early 
RNAs 


Mechanisms  of  Transformation  by 
Oncogenic  Viruses 
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BROCKMAN,  William  W 
University  of  Michigan 
5  ROl  CA  19816-05 

BUTEL,  Janet  S 

Baylor  College  of  Medicine 

1  ROl  CA  25215-02 

BUTEL,  Janet  S 

Baylor  College  of  Medicine 

1  ROl  CA  22555-03 

CALNEK,  Bruce  W 
Cornell  University 

2  ROl  CA  06709-19 

CARROLL,  Dana 
University  of  Utah 
1  ROl  CA  26128-01 

CARROLL,  Robert  B 
New  York  University 
5  R01  CA  20802-04 

CARTER,  Timothy  H 
St.  John's  University 

1  ROT  CA  25757-03 

CASPAR,  Donald  L 
Brandeis  University 
5  ROl  CA  15468-06 

CLOUGH,  Wendy  G 

University  of  Southern  California 

5  ROl  CA  23070-03 

COLE,  Charles  N 
Yale  University 
5  ROl  CA  22228-03 

CONSIGLI,  Richard  A 
Kansas  State  University 
5  ROl  CA  07139-16 

CROCE,  Carlo  M 

Wistar  Inst  of  Anatomy  and  Biology 

2  ROl  CA  16685-05 

DANNA,  Kathleen  J 

University  of  Colorado  (Boulder) 

1  ROl  CA  24924-02 


Role  of  SV40  Gene  A  in  Cellular 
Transformation 


Tumor  Virus  Effects  on  Mouse 
Mammary  Epithelial  Cells 


Biological  Properties  of  SV40 
Early  Proteins 


Avian  Leukosis  Complex 


A  Novel  Function  of  the  Simian 
Virus  40  Genome 


Biochemical  and  Functional  Prop- 
erties of  SV40  T  Antigen 


The  Regulation  of  Adenovirus 
Gene  Expression 


Assembly  of  Viruses,  Membranes, 
and  Tissue 


EBV  DNA  Synthesis  in  Transformed 
Lymphocytes 


Control  of  Tumor  Virus  Gene 
Expression 


Studies  in  Polyoma  Transformed 
Cells — Virion  Proteins 


Mapping  of  Tumor  Virus  Genomes  in 
Transformed  Cells 


SV40  Early  Proteins--Possible 
roles  in  Oncogenesis 
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DARNELL,  James  E,  Jr 
Rockefeller  University 
5  ROl  CA  16006-07 


RNA  and  Growth  Control  in  Animal 
Cells 


DE  MARCHI,  Jeanette  M 
Vanderbilt  University 
1  ROl  CA  20806-03 


Induction  by  Cytomegalovirus  of 
Cell  DNA  Synthesis 


DE  PAMPHILIS,  Melvin  L 
Harvard  University 
5  ROl  CA  15579-07 


Tumor  Virus  DNA  Replication:  A 
Probe  into  Oncogenesis 


DIAMANDOPOULOS,  George  T 
Harvard  University 
2  ROl  CA  08731-15 


Viral  Carcinogenesis  with  Special 
Reference  to  SV40 


DI  MAYO RCA,  Giampiero 

College  of  Medicine  &  Dentistry,  NJ 

1  ROl  CA  25168-OlAl 


Transformation  Genes  of  Simian 
Virus  40 


DI  MAYORCA,  Giampiero 

College  of  Medicine  &  Dentistry,  NJ 

1  ROl  CA  25169-OlAl 


BK  Virus,  A  Human  Papovavirus 


ECKHART,  Walter 

Salk  Institute  for  Biological  Studies 

2  ROl  CA  13884-09 


Viral  Gene  Functions  and  Regula- 
tion of  Cel 1  Growth 


EVANS,  Mary  J 

N  Y  State  Department  of  Health 

1  ROl  CA  22655-02 


DNA  Polymerase(s)  of  the  Replica- 
tion SV40  Chromosomes 


FALK,  Lawrence  A,  Jr 
Harvard  University 
1  ROl  CA  27225-01 


Study  of  Human  and  Simian  Lympho- 
tropic  Herpesviruses 


FAREED,  George  C 

University  of  California  (LA) 

5  ROl  CA  20794-04 


Simian  Virus  40,  DNA  Replication 
and  Transformation 


FLUCK,  Michele  M 
Michigan  State  University 
7  R23  CA  27453-01 


The  Role  of  Two  Polyoma  Early 
Genes  in  Transformation 


FOLK,  William  R 
University  of  Michigan 
5  ROl  CA  13978-08 


Mammalian  Cell  Transformation  by 
Oncogenic  Viruses 


FRENKEL,  Gerald  D 
Albany  Medical  College 
1  ROl  CA  22965-02 


Inhibition  of  Cellular  DNAses  by 
DNA  Tumor  Viruses 
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FRIEDMANN,  Theodore 

University  of  California  (San  Diego) 

1  ROl  CA  24288-02 

GALLOWAY,  Denise  A 

Fred  Hutchinson  Cancer  Research  Ctr 

1  ROl  CA  26001-01 

GINGERAS,  Thomas  R 

Cold  Spring  Harbor  Laboratory 

1  ROl  CA  27275-01 

GLASER,  Ronald 

Ohio  State  University 

1  ROl  CA  23807-02 

GOULIAN,  Mehran 

University  of  California  (San  Diego) 

2  ROl  CA  11705-11 

GRALLA,  Jay 

University  of  California  (LA) 

5  ROl  CA  19941-04 

GRANOFF,  Allan 

St.  Jude  Children's  Research  Hospital 

5  ROl  CA  07055-17 

GREEN,  Melvin  H 

University  of  California  (San  Diego) 

1  ROl  CA  24281-02 

HAGER,  Lowell  P 

University  of  Illinois  (Urbana) 

5  ROl  CA  17619-05 

HALLICK,  Lesley  M 

University  of  Oregon  Hlth  Sci  Ctr 

1  ROl  CA  24799-01 

HARTER,  Marion  L 

College  of  Medicine  &  Dentistry,  NJ 

1  ROl  CA  28414-01 

HAYWARD,  Gary  S 

Johns  Hopkins  University 

2  ROl  CA  22130-04 

HAYWARD,  Gary  S. 

Johns  Hopkins  University 

1  ROl  CA  28473-01 


Nucleotide  Sequencing  of  Polyoma 
DNA 


Herpesvirus  Expression  in  Trans- 
formation and  Latency 


DNA  Sequence  and  Computer 
Analysis  of  a  Tumor  Virus 


Expression  of  Epstein-Barr 
Virus  in  Hybrid  Cells 


Studies  on  DNA  Synthesis 


Regulation  of  Transcription  by  DNA- 
Protein  Complexes 


Studies  of  Lucke  Tumor  Associated 
Viruses 


The  Process  and  Control  of  Trans- 
cription of  SV40 


Biochemical  Studies  on  T  Antigen 
and  Transformed  Cells 


Replication  and  Repair  of  Viral 
DNA  and  RNA  Complexes 


Functions  of  Early  Proteins 
Encoded  by  Adenovirus 


Structural  Organization  of  Herpes 
Virus  DNA  Molecules 


Cellular  Transformation  by 
DNA  of  Human  Herpesviruses 
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HELD,  William  A 

New  York  State  Dept.  Health 

1  ROl  CA  27647-01 


TK-Mutants  of  Herpes  Virus 
and  Their  Suppression 


HERCULES,  Kathleen 
University  of  California  (LA) 
5  ROl  CA  23057-02 


Mapping  of  SV40  Transcription 
Units 


HINZE,  Harry  C 

University  of  Wisconsin  (Madison) 

5  ROl  CA  21195-03 


Vaccination  Against  an  Oncogenic 
Herpes  Virus 


HIRSCH,  Martin  S 
Massachusetts  General  Hospital 
2  ROl  CA  12464-09 


Immune  Reactivity  and  Oncogenic 
Virus  Infections 


HODGE,  Lon  D 

Medical  College  of  Georgia 

7  ROl  CA  25727-02 


Metabolism  of  Adenovirus  RNA 


HOLOWCZAK,  John  A 
Rutgers  Medical  School 
5  ROl  CA  11027-12 


Transcription  &  Translation  in  Pox 
Virus  Infected  Cells 


HORWITZ,  Marshall  S 
Yeshiva  University 
5  ROl  CA  11512-10 


Adenovirus  DNA  Synthesis  and  Poly- 
peptide Assembly 


HOWETT,  Mary  K 

Pennsylvania  State  Univ  (Hershey) 

1  ROl  CA  25305-01 


In  Vivo  Cocarcinogenesis  of 
Chemicals  and  Viruses 


HSU,  Ming-Ta 
Rockefeller  University 
5  ROl  CA  19073-04 


Basic  Mechanism  of  Viral  Onco- 
genesis 


HUANG,  Eng-Shang 

University  of  North  Carolina  (Chapel  Hill) 

1  ROl  CA  21773-01 


Cytomegaloviruses  and  Human  Malig- 
nancy 


HUNTER,  Anthony  R 

Salk  Institute  for  Biological  Studies 

1  ROl  CA  28458-01 


Viral  Transforming  Proteins 


HUNTER,  Anthony  R 

Salk  Institute  for  Biological  Studies 

2  ROl  CA  17096-05 


Macromolecular  Synthesis  and  Cell 
Growth  Control 


HYMAN,  Richard  W 

Pennsylvania  State  Univ  Hershey  Med  Ctr 

2  ROl  CA  16498-06 


Malignancy  and  DNA  Homology  Among 
the  Herpes  Viruses 
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ISOM,  Harriet  C 

Pennsylvania  State  Univ  Hershey  Med  Ctr 

2  ROl  CA  23931-03 

KELLEMS,  Rodney  E 

Baylor  College  of  Medicine 

1  ROl  CA  24618-01 

KETNER,  Gary  W 

Johns  Hopkins  University 

5  ROl  CA  21309-03 

KIEFF,  Elliott  D 
University  of  Chicago 

2  ROl  CA  17281-05 

KIT,  Saul 

Baylor  College  of  Medicine 

5  ROl  CA  06656-17 

KNIPE,  David  M 
Harvard  University 
1  ROl  CA  26345-01 

KOWALSKI,  David 

Roswell  Park  Memorial  Institute 

1  ROl  CA  23996-02 

LANCASTER,  Wayne  D 

Case  Western  Reserve  University 

1  R23  CA  24505-02 

LANDERS,  Terry  A 

Univ  of  Texas  Hlth  Sci  Ctr  (Houston) 

5  ROl  CA  21350-03 

LEBOWITZ,  Jacob 

University  of  Alabama  (Birmingham) 

2  ROl  CA  17077-06 

LEHMAN,  John  M 

University  of  Colorado  Medical  Center 

5  ROl  CA  16030-05 

LENNETTE,  Evelyne  T 

Children's  Hospital  of  Philadelphia 

1  ROl  CA  24779-01 

LEVINE,  Arnold  J 

State  Univ.  New  York  (Stony  Brook) 

7  ROl  CA  28033-01 


Regulation  of  Differentiation  in 
Hepatocytes  in  Vitro 


Control  of  Host  Gene  Expression  by 
DNA  Tumor  Viruses 


Transformation  and  Gene  Regulation 
by  Adenoviruses 


EBV  Interaction  with  Lymphoblasts 
In  Vitro  &  In  Vivo 


Biochemical  Aspects  of  Viral  Car- 
cinogenesis 


Genetics  of  Herpes  Virus  Trans- 
formation 


Role  of  DNA  Relaxing  Enzyme  in  SV40 
DNA  Replication 


Bovine  Papilloma  Virus  DNA  and 
Neoplasia 


Role  of  Tumor  Virus  Structural 
Proteins  in  infection 


Circular  DNA--Implications  for 
Cancer  and  Drug  Resistance 


Pathology  of  Neoplastic  Transform- 
tion 


Studies  of  Epstein-Barr  Virus 
Determined  Antigens 


DNA  Replication  in  SV40 
Infected  Cells 
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LEVINE,  Arnold  J 

State  Univ.  of  New  York  (Stony  Brook) 

1  ROT  CA  28127-01 


SV40  Cellular  Antigens  and 
Host  Range 


LIEF,  Florence  S 
University  of  Pennsylvania 
5  ROl  CA  13007-06 


Human  Wart  Virus  as  an  Oncogenic 

Agent  j 


LIVINGSTON,  David  M 

Sidney  Farber  Cancer  Institute 

5  ROl  CA  24715-02 


Isolation  and  Function  of  Small 
SV40  T  Antigen 


LIVINGSTON,  David  M 

Sidney  Farber  Cancer  Institute 

5  ROl  CA  15751-06 


Structure  and  Function  of  SV40  Non- 
Virion  Proteins 


LUFTIG,  Ronald  B 

University  of  South  Carolina 

7  ROl  CA  28078-01 


Viral  Interaction  of  Microtubules 
in  Cancer  Cel Is 


LUTWICK,  Larry  I 
University  of  Iowa 
1  ROl  CA  25811-01 


Hepatitis  B  Virus  and  Hepato- 
cellular Carcinoma 


MAYOR,  Heather  D 

Baylor  College  of  Medicine 

5  ROl  CA  14618-06 


Growth  &  Maturation  of  Adeno- 
associated  Satellite  Viruses 


MEINKE,  William  J 
University  of  Arizona 
5  ROl  CA  23675-03 


Detection  of  Human  Wart  Viral  DNA 
in  Malignant  Tissue 


MILLER,  I  George,  Jr 
Yale  University 
5  ROl  CA  12055-09 


Studies  of  Epstein-Barr  Virus 


MILLETTE,  Robert  L 
Wayne  State  University 
5  ROl  CA  21065-04 


Herpes  Simplex  Virus  Gene  Regula- 
tion 


MUNNS,  Theodore  W 
Washington  University 
7  ROl  CA  27801-01 


Characterization  of  RNA/DNA  in 
Oncogenic  Systems 


MURRAY,  Byron  K 

Virginia  Commonwealth  University 

5  ROl  CA  19238-03 


Transformation  by  Defective  Herpes 
Simplex  Viruses 


NATHANS,  Daniel 

Johns  Hopkins  University 

5  POl  CA  16519-05 


Program  on  Molecular  Biology  of 
Viral  Tumori genesis 
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NONOYAMA,  Meihan 

Life  Sciences  Biomed  Research  Inst 

5  ROl  CA  21665-04 

NONOYAMA,  Meihan 

Life  Sciences  Biomed  Research  Inst 

1  ROT  CA  28214-01 

OZER,  Harvey  L 
Hunter  College 
5  ROl  CA  23002-03 

PAGANO,  Joseph  S 

University  of  North  Carolina 

5  POl  CA  19014-04 

PASS,  Franklin 

University  of  Minnesota  (Minneapolis) 

1  ROl  CA  25462-01 

PEARSON,  Gary  R 
Mayo  Foundation 
5  ROl  CA  20679-04 

PEARSON,  George  D 
Oregon  State  University 

2  ROl  CA  17699-05 

POLLACK,  Robert  E 
Columbia  University 
1  ROl  CA  25065-02 

PRIVES,  Carol  L 
Columbia  University 
1  ROl  CA  26905-01 

QUALTIERE,  Louis  F 
Mayo  Foundation 
1  ROl  CA  24123-01 

QUICK,  Cedric  A 

West  Virginia  University 

7  ROl  CA  25124-01 

RAPP,  Fred 

Pennsylvania  State  University 

1  POl  CA  27503-01 

RASKA,  Karel,  Jr. 
Rutgers  Medical  School 
5  ROl  CA  21196-03 


Oncogenicity  of  Epstein-Barr  Virus 


Marek's  Disease  Virus: 
Transformation  and  Oncogenesis 


Host  Functions  Related  to  Tumor 
Virus  Infection 


DNA  Virus  Genomes,  Oncogenesis 
and  Latency 


Human  Papilloma  Virus  and  Malignant 
Disease 


Biochemistry  of  Herpes  Virus- 
Induced  Membrane  Antigens 


Replication  Map  of  an  Oncogenic 
Virus 


Oncogenic  Virus  Gene  Control  of 
Cell  Growth  and  Shape 


Function  and  Expression  of 
SV40  Viral  Tumor  Antigens 


Humoral  Response  to  Herpes  and 
Epstein-Barr  Virus 


Etiology  and  Immunobiology 
of  Laryngeal  Papilloma 


Herpesviruses  and  Noplasia 


Low  Molecular  Weight  RNA  in 
Adenovirus  Infections 
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RASKAS,  Heschel  J 
Washington  University 
5  ROl  CA  16007-06 

RAYMENT,  Ivan 
Brandeis  University 
1  R23  CA  27260-01 


Gene  Expression  of  Oncogenic 
Viruses 


X-Ray  Diffraction  Studies  on 
Polyoma  Virus 


REKOSH,  David  M 

State  Univ  of  New  York  (Buffalo) 

1  ROl  CA  25674-01 

ROBERTS,  Bryan  E 
Harvard  University 
7  ROl  CA  27447-02 


Adenovirus  Early  Gene  Function 
and  DNA  Replication 


Organization  and  Expression  of 
Genes  in  Viral  DNAs 


ROEDER,  Robert  G 
Washington  University 
2  ROl  CA  16640-06 


Regulation  of  Adenovirus  Gene 
Expression 


ROIZMAN,  Bernard 
University  of  Chicago 
2  ROl  CA  08494-16 


Mechanisms  of  Viral  Infection  in 
Relation  to  Cancer 


ROMAN,  Ann 

Indiana  Univ-Purdue  Univ  (Indianapolis) 

5  ROl  CA  19708-03 


Intracellular  Control  of  DNA  Tumor 
Virus  Replication 


ROSENTHAL,  Ken  S 

Northeastern  Ohio  Universities 

1  R23  CA  28342-01 


Herpes  Simplex  Virus  Glyco- 
proteins and  Infection 


RUNDELL,  Mary  K 
Northwestern  University 
5  ROl  CA  21327-03 


Structural  Analysis  of  the  SV40 
Tumor  Antigen 


SACK,  George  H,  Jr 
Johns  Hopkins  University 
5  ROl  CA  20519-03 


Genetics  of  SV40  Viral  Trans- 
formation of  Human  Cells 


SCHAFFER,  Priscilla  A 

Sidney  Farber  Cancer  Institute 

5  ROl  CA  20260-04 


Transforming  Genes  of  Herpes 
Simplex  Virus 


SCHIERMAN,  Louis  W 
University  of  Georgia 
2  ROl  CA  23660-04 

SCHMIDT-ULLRICH,  Rupert 
Tufts-New  England  Medical  Ctr 
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Characterization  of  SV40-Specific 
Membrane  Antigens 
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Johns  Hopkins  University 
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5  R23  CA  25096-02 
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STEVENS,  Jack  G 
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1  ROl  CA  24926-01 
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SUMMERS,  William  C 
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5  ROl  CA  13515-07 


Investigation  of  SV40-Related  In- 
fections of  Man 


Structure  and  Function  of  DNA  Tumor 
Virus  Genomes 


Molecular  Biology  of  Herpes 
Virus 


Origin  and  Function  of  SV40- 
Specific  TAU  Antigens 


A  New  Class  of  Epstein-Barr  Virus 
Nuclear  Antigen 


Herpesvirus-Induced  Malignancy 


Regulation  of  Reversion  in  SV40 
Transformed  Rat  Cells 


Viral  Transformation  of 
Human  Keratinocytes 


Analysis  of  the  Shope  Papilloma- 
Carcinoma  System 


Viral  Carcinogenesis  and  Latency 


Study  of  Epstein-Barr  Nuclear 
Antigen 


Molecular  Basis  of  Viral 
Oncogenesis 

Genetic  Study  of  Animal  Viruses 
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TAMM,  Igor 

Rockefeller  University 
2  ROl  CA  18608-20 


Virus  Induced  Alterations  in  Animal 
Cells 


TEGTMEYER,  Peter  J 

State  Univ  New  York  (Stony  Brook) 

2  ROl  CA  18808-05 


Mechanisms  of  Viral  Oncogenesis: 
SV40  Gene  Function 


TEGTMEYER,  Peter  J 

State  Univ.  New  York  (Stony  Brook) 

1  POl  CA  28146-01 


Tumor  Virus-Host  Interaction 


TENEN,  Daniel  G 

Sidney  Farber  Cancer  Institute 

1  R23  CA  26018-01 


SV40  T  Antigen  Binding  Sites  in 
Cellular  DNA 


TEVETHIA,  Mary  J 
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5  ROl  CA  24694-02 


Mutagenesis  of  Specific  Regions 
of  the  SV40  Genome 
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Penn  State  Univ  Hershey  Med  Ctr 

5  ROl  CA  25000-02 


Biology  of  SV40  Specific  Trans- 
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THEIS,  Gail  A 

New  York  Medical  College 
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Responses  of  Lymphocytes  to  an 
Oncogenic  Herpes  Virus 


THORLEY-LAWSON,  David 

Sidney  Farber  Cancer  Institute 

1  ROl  CA  28737-01 


Epstein  Barr  Virus  Membrane 
Antigen 


TIBBETTS,  Clark  J 
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5  ROl  CA  17130-05 


Adenovirus  Genome  Expression- 
Physical  Mapping  Studies 
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University  of  California  (Berkeley) 

1  ROl  CA  25417-01 


The  SV40  Tumor  Antigen 


TOOLAN,  Helene  W 
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Viruses  and  Cancer--Role  of  Latent 
Viruses  in  Resistance 
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SV40  Early  Gene  Products  and  Viral 
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Membrane  Bound  Enzymes,  Tumor 
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Marek's  Disease  Herpes  Virus  Anti- 
gens 


Gene  Expression  of  a  Small  DNA 
Tumor  Virus:   SV40 


Viral  Gene  Functions  Involved  in 
Transformation 


Viral  RNA  Synthesis  Control  in 
Herpes  Virus  Infection 


Changes  in  Cell  Membranes  by 
Oncogenic  Herpes  Simplex 


Early  Proteins  of  Simian  Virus  40 


WEISSMAN,  Sherman  M 
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Function  of  SV40  Gene  Products 


WEISSMAN,  Sherman  M 
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WILSON,  John  H 
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protein 
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Emory  University 
1  ROl  CA  25270-01 


Regulation  of  Transcription 
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3  ROl  CA  18248-03S1 
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Leukemia  Viral  Proteins 


Control  of  Expression  of  Endogenous 
Viral  Genes 


Genetic  Expression  of  Cellular 
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Transcription 
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RNA  Tumor  Virus  Gene  Expression 
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Viruses 


Tumor  Induction  by  Avian  Myelo- 
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Salk  Inst  for  Biological  Studies 
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BRUGGE,  Joan  S 
SUNY--at  Stony  Brook 
1  ROl  CA  27951-01 


The  ASV  Transforming  Protein  and 
its  Cellular  Homologue 


CERNY,  Jan 
Harvard  University 
5  ROl  CA  14922-07 


Regulatory  Mechanisms  of 
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CHIRIKJIAN,  Jack  G 
Georgetown  University 
5  ROl  CA  16914-05 


RNA  Modifying  Enzymes  in  Normal 
and  Neoplastic  Cells 


COFFIN,  John  M 
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5  ROl  CA  17659-05 


Relationship  of  Avian  Tumor  Virus 
RNA  and  Host  Genome 


COFFIN,  John  M 
Tufts  University 
1  ROl  CA  27108-01 


Mechanism  of  Variability  of  Tumor 
Virus  RNA 


COGGIN,  Joseph  H,  Jr 
University  of  South  Alabama 
5  ROl  CA  23491-03 


Etiology  of  a  Lymphoma  Epizootic 
in  Hamsters 


COLLINS,  Carolyn  J 
University  of  Virginia 
5  ROl  CA  24137-02 


Integration  of  RNA  Tumor  Viruses 
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COMPANS,  Richard  W 
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5  ROl  CA  18611-06 


Molecular  Studies  of  Oncorna  and 
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COOPER,  Geoffrey  M 
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5  ROT  CA  18689-05 


Infectious  DNA  for  Endogenous  RNA 
Tumor  Virus  Genes 


DAHLBERG,  James  E 

University  of  Wisconsin  (Madison) 

5  ROT  CA  15166-07 


Small  RNAs  of  RNA  Tumor  Viruses 


DATTA,  Syamal  K 

New  England  Med  Cen  Hosp 

5  ROl  CA  19575-05 


Murine  Leukemia  Viruses  in  New 
Zealand  Mice 


DAVIDSON,  Norman  R 
California  Inst  of  Tech 
1  ROl  CA  25991-01 


Sequence  Organization  of  Integrated 
Tumor  Virus  Genomes 


DEL  VILLANO,  Bert  C 
Cleveland  Clinic  Hospital 
5  ROl  CA  25789-02 


Biological  Studies  of  Epididymal 
Glycoprotein,  gp70 


DINA,  Dino 
Yeshiva  University 
5  ROl  CA  24223-03 


Regulation  of  Murine  RNA  Tumor  Virus 
Gene  Expression 


DODGE,  William  H 

Wake  Forest  University 

5  ROl  CA  19275-05 


Normal  and  Leukemic  Granulopoiesis 
in  the  Chicken 


DUESBERG,  Peter  H 

University  of  California  (Berkeley) 

5  ROl  CA  11426-12 

DURAN-REYNALS,  Maria  L 
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5  ROl  CA  07160-16 


Molecular  and  Genetic  Analyses  of 
RNA  Tumor  Viruses 


Possible  Neoplastic  Effects  of 
Non-Neoplastic  Viruses 


EAST,  James  L 

Univ  of  Texas  System  Cancer  Ctr 

5  ROl  CA  16781-06 


Relatedness  of  RNA  Tumor  Viruses 
and  Human  Neoplasia 


ECKNER,  Robert  J 
Boston  University 
5  R01  CA  19562-05 


Biological  and  Physical  Properties 
of  Friend  Virus 


EISENMAN,  Robert  N 

Fred  Hutchinson  Cancer  Research  Cen 

5  ROl  CA  20525-04 


Control  Mechanisms  in  Avian 
Oncornavirus  Replication 


ELDER,  John  H 
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5  ROl  CA  25533-02 


Sequence  Studies  of  the  gp70's 
of  Recombinant  Retrovirus 
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Expression  and  Localization  of 
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Studies  of  Murine  Leukemia  Virus 
Integration 


FARAS,  Anthony  J 
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RNA-Directed  DNA  Polymerase  and 
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FARAS,  Anthony  J 
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5  ROl  CA  26387-02 


Reversion  of  Rous  Sarcoma  Virus- 
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5  POl  CA  16599-06 
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Transformed  Cells 
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Transcription 
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RSV  Functions  Involved  in  Trans- 
formation 
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and  its  Regulation 
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Studies  on  the  Bovine  Leukemia 
Virus 
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Requirements  for  Spontaneous 
Leukemogenesis  In  Vitro 
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Viral  Malignant  Lymphomagenesis  in 
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HOPKINS,  Nancy  H 

Massachusetts  Institute  of  Technology 
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C57BL  Mouse  Retroviruses:  Molecular 
Characterization 


KAPLAN,  Henry  S 
Stanford  University 
5  ROl  CA  03352-24 
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Diversity 


LERNER,  Richard  A 

Scripps  Clinic  and  Research  Fdn 

1  POl  CA  27489-01 

LEVY,  Jay  A 

Univ  of  California  (San  Francisco) 

5  ROl  CA  13086-09 


Immunological  and  Pathological 
Consequences  of  Endogenous 
Retroviral  Expression 
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New  York  University 

5  ROl  CA  12815-08 


Pathophysiology  of  a  Vi rally 
Induced  Murine  Leukemia 


LUFTIG,  Ronald  B 

University  of  South  Carolina 

5  ROl  CA  28077-02 


Assembly  of  Murine  Leukemia  Viruses 


LURIA,  Salvador  E 

Massachusetts  Institute  of  Technology 

5  POl  CA  14051-08 


Support  for  Cancer  Biology  Center 


MANLY,  Kenneth  F 

Roswell  Park  Memorial  Institute 

5  ROl  CA  21217-03 


Molecular  Pathogenesis  of  Virus- 
Induced  Leukemia 
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MARCUS,  Stuart  L 

Sloan  Kettering  Inst  for  Can  Res 

5  ROl  CA  18369-05 


RLV  DNA  Polymerase  Enzymology  and     : 
Radioimmunoassay  i 


MARIANI,  Toni  N 

University  of  Minnesota  (Minneapolis) 

5  ROl  CA  12929-09 


Interrelationship  Between  Malignancy 
and  Immunity 


MARTIN,  G  Steven 

University  of  California  (Berkeley) 

5  ROl  CA  25464-02 


Transformation  of  Differentiating 
Cells 


MARTIN,  G  Steven 

University  of  California  (Berkeley) 

5  ROl  CA  17542-05 


Genetics  of  RNA  Tumor  Viruses 


MASON,  William  S 

Institute  for  Cancer  Research 

1  ROl  CA  26012-01 


Replication  of  Rous  Sarcoma  Virus 


MAYER,  Allen  J 

New  York  University 

5  ROl  CA  23834-03 


Endogenous  Virus  Expression  and 
Leukemogenesis 


MC  DONALD,  Thomas  L 
University  of  Nebraska 
5  ROl  CA  28205-02 


Virus-Induced  Blocking  Factors  and 
Tumor  Enhancement 


MELLORS,  Robert  C 

Hospital  for  Special  Surgery 

5  ROl  CA  14928-16 


Type  C  RNA  Virus  and  Immunopathology 


MERUELO,  Daniel 
New  York  University 
2  ROl  CA  22247-04 


Genetic  Control  of  Virus-Induced 
Leukemia 


MODAK,  Mukund  J 
Sloan-Kettering  Institute 
2  ROl  CA  21404-04 


Molecular  Effects  of  Enzymatic  DNA 
Synthesis 


MOLDOW,  Charles  F 

University  of  Minnesota  (Minneapolis) 

3  ROl  CA  13722-06S1 


Cell  Surface  Receptors  for  Oncogenic 
Viruses 


MOSCOVICI,  Carlo 
University  of  Florida 
5  ROl  CA  10697-14 


Specificity  of  Avian  Myeloblastosis 
Virus 


NADAL-GINARD 
Yeshiva  University 
1  ROl  CA  26860-01 


Transforming  Gene  of  Rous  Sarcoma 
Virus 
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NEIMAN,  Paul  E 

Fred  Hutchinson  Cancer  Research  Center 

5  ROl  CA  20068-05 


Molecular  Mechanisms  in  Neoplasia 


NEIMAN,  Paul  E 

Fred  Hutchinson  Cancer  Research  Center 

1  POl  CA  28151-01 


Program  in  Retroviruses  and  Cancer 


NICOLSON,  Margery  0 

Children's  Hospital  of  Los  Angeles 

5  ROl  CA  26199-02 


Integrated  Infective  Type-C  Retro- 
viral Genomes 


NOWINSKI,  Robert  C 

Fred  Hutchinson  Cancer  Research  Center 

5  ROl  CA  24706-02 


Mouse  Leukemia  Viruses:  Immuno- 
genetic  Studies 


NOWINSKI,  Robert  C 

Fred  Hutchinson  Cancer  Research  Center 

5  ROl  CA  18074-05 


Immunological  Aspects  of  Mouse 
Leukemias 


OZANNE,  Bradford  W 

Univ  of  Texas  Hlth  Sci  Ctr  (Dallas) 

5  ROl  CA  23043-03 


Mapping  of  Polypeptides  to  Murine 
Sarcoma  Virus  RNA 


PARSONS,  J.  Thomas 
University  of  Virginia 
1  ROl  CA  27578-01 


Mechanisms  of  RNA  Tumor  Virus  DMA 
Integration 


PERDUE,  Michael  L 
University  of  Kentucky 
5  ROl  CA  26170-02 


Processing  of  Avian  Oncornavirus 
Messenger  RNA 


PIKO,  Lajos 

Veterans  Administration  Hospital 

5  ROl  CA  24989-02 


Gene  Expression  in  Early  Mouse 
Development 


PINCUS,  Theodore  P 

Wistar  Inst  of  Anatomy  and  Biology 

5  ROl  CA  25315-02 


Genetic  Restriction  of  Endogenous 
Retroviruses 


PINCUS,  Theodore  P 

Wistar  Inst  of  Anatomy  and  Biology 

5  ROl  CA  24744-02 


Natural  Host  Control  Mechanisms  in 
Leukemia 


PITHA,  Paula  M 

Johns  Hopkins  Oncology  Center 

5  ROl  CA  19061-05 


Antitumor  Effect  of  Interferon 


PROFFITT,  Max  R 
Cleveland  Clinic  Hospital 
2  ROl  CA  20242-05 


Autoimmunity  and  Virus-Induced 
Leukemia 
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RASCHKE,  William  C 

Salk  Inst  for  Biological  Studies 

5  ROl  CA  21531-04 


Characterization  of  the  Abel  son 
Leukemia  Virus 


RASHEED,  Suraiya 

University  of  Southern  California 

1  ROl  CA  27246-01 


Leukemia  and  Sarcoma  Genes  in 
Cellular  Transformation 


RICH,  Marvin  A 

Michigan  Cancer  Foundation 

5  ROl  CA  14100-08 


The  Viral  Etiology  of  Cancer 


ROBINSON,  Harriet  L 

Worcester  Fdn  for  Exper  Biology 

2  ROl  CA  23086-04 


Inheritance  and  Expression  of  Avian 
C-Type  Viruses 


ROBINSON,  Harriet  L 

Worcester  Fdn  for  Experimental  Biology 

1  ROl  CA  27223-01 


Avian  Leukosis  Viruses  and  Cancer 


ROHRSCHNEIDER,  Larry  R 

Fred  Hutchinson  Cancer  Research  Center 

2  ROl  CA  20551-04 


Mechanisms  of  Oncornavirus-Induced 
Transformation 


ROSENBERG,  Naomi  E 
Tufts  University 
5  ROl  CA  24220-02 


Abel  son  Leukemia  Virus  Transfor- 
mation of  Lymphocytes 


ROY-BURMAN,  Pradip 

University  of  Southern  California 

1  ROl  CA  26809-01 


Oncodevelopmental  Gene  Expression 
in  Feline  Leukemia 


RUDDLE,  Nancy  H 
Yale  University 
5  ROl  CA  21333-03 


Murine  Leukemia  Virus  Induction  and 
Replication 


RUECKERT,  Roland  R 

University  of  Wisconsin  (Madison) 

5  ROl  CA  08662-15 


Structure  and  Synthesis  of  Avian 
RNA  Tumor  Viruses 


SCHWARTZ,  Robert  S 
Tufts  University 
5  POl  CA  24530-02 


Experimental  Leukemogenesis 


SHANK,  Peter  R 
Brown  University 
5  ROl  CA  24829-02 


Structure  and  Integration  of  Avian 
Sarcoma  Virus  DNA 


SILAGI,  Selma 

Cornell  University  Medical  Center 

5  ROl  CA  10095-12 


Gene  Action  and  Cellular  Differen- 
tiation in  Culture 
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SIMPKINS,  Henry 

University  of  California  (Irvine) 

5  ROl  CA  25079-02 


The  Role  of  Chromatin  Structure  in 
Erythroleukemia 


SMITH,  Ralph  E 
Duke  University 
5  ROl  CA  12323-09 


Biochemistry  of  RNA  Tumor  Virus 
Repl i cation 


SNYDER,  Harry  W,  Jr 

Sloan  Kettering  Inst  for  Can  Res 

5  R23  CA  24357-03 


Chemical  Nature  of  Leukemia  Antigens 


SPIEGELMAN,  Sol 
Columbia  University 
5  POl  CA  23767-02 


Molecular  Virology 


STAAL,  Stephen  P 

Johns  Hopkins  University 

5  ROl  CA  26089-02 


Studies  on  Leukemogenesis  in  AKR 
Mice 


STAVNEZER,  Edward 

Sloan  Kettering  Inst  for  Can  Res 

5  ROl  CA  24163-02 


Synthesis  and  Processing  of  Avian 
Retrovirus  RNAs 


STOLTZFUS,  Conrad  M 
University  of  Iowa 
5  ROl  CA  28051-02 


Subunit  Structure  and  Function  of 
Oncornavirus  RNA 


TAYLOR,  John  M 

Institute  for  Cancer  Research 

5  ROl  CA  22651-03 


The  In  Vivo  Transcription  of  RNA 
Tumor  Virus  Genomes 


TEMIN,  Howard  M 

University  of  Wisconsin  (Madison) 

5  POl  CA  22443-03 


Molecular  Biology  and  Genetics  of 
Tumor  Viruses 


TEREBA,  Allan  M 

St.  Jude  Children's  Research  Hospital 

1  ROl  CA  28221-01 


Localization  and  Mechanism  of 
Retrovirus  Integration 


THACH,  Robert  E 
Washington  University 
5  ROl  CA  13008-09 


Replication  of  Virulent  and 
Oncogenic  Viruses 


TIEMEIER,  David  C 

University  of  California  (Irvine) 

5  ROl  CA  24748-02 


Cloning  and  Analysis  of  Murine 
Endogenous  Virogenes 


TSUCHIDA,  Nobuo 

Wistar  Inst  of  Anatomy  and  Biology 

5  ROl  CA  22701-03 


Host/Virus  Interaction  in  Ki-MSV 
Genome  Expression 
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TUCKER,  Henry  S 

Virginia  Commonwealth  University 

5  R23  CA  24172-03 


Macrophage  Role  in  Immunity  to 
Murine  Leukemia  Virus 


VELICER,  Leland  F 
Michigan  State  University 
5  ROl  CA  24937-02 


Expression  of  Genes  for  Tumor- 
Specific  Antigens 


VERMA,  Inder  M 

Salk  Institute  for  Biological  Studies 

5  ROl  CA  16561-06 


Reverse  Transcriptase  from  RNA  Tumor 
Viruses 


VERMA,  Inder  M 

Salk  Institute  for  Biological  Studies 

5  ROl  CA  21408-04 


Genetic  Organization  of  RNA  Tumor 
Viruses 


VOGT,  Marguerite  M 

Salk  Institute  for  Biological  Studies 

5  ROl  CA  13608-08 


Viral  Gene  Functions  Involved  in 
Transformation 


VOGT,  Peter  K 

University  of  Southern  California 

5  ROl  CA  13213-09 


Interactions  Between  Avian  Tumor 
Viruses  and  Their  Hosts 


VOGT,  Volker  M 
Cornell  University 
2  ROl  CA  20081-04 


Structure  and  Assembly  of  Avian 
Oncornaviruses 


WEBER,  Michael  J 

Univ  of  Illinois  (Urbana-Champaign) 

5  ROl  CA  20410-03 


Membrane  Lipids  in  Rous  Sarcoma 
Virus  Infection 


WEIGANO,  Ray  A 

Michigan  Cancer  Foundation 

5  ROl  CA  23470-03 


Assembly  and  Maturation  of  Murine 
Leukemia  Viruses 


WEINBERG,  Robert  A 

Massachusetts  Institute  of  Technology 

5  ROl  CA  17537-06 


Interaction  of  Sarcoma  and  Leukemia 
Genomes 


WEINTRAUB,  Harold  M 

Fred  Hutchinson  Cancer  Research  Center 

5  ROl  CA  26663-02 


Cell  Transformation  by  RSV 


WEITH,  H  Lee 
Purdue  University 
5  ROl  CA  23332-03 


Sequencing  of  RSV  DNA  Integration 
Sites 


WHEELOCK,  E  Frederick 
Thomas  Jefferson  University 
5  ROl  CA  24115-02 


Role  of  Endogenous  Viruses  in  Tumor 
Dormant  States 
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WITTE,  Owen  N  Transformation  by  Abelson  Murine 

University  of  California  Leukemia  Virus 

1  ROl  CA  27507-01 

WONG,  Paul  K  Genetic  Studies  of  Murine  Leukemia 

Univ  of  Illinois  (Urbana-Champaign)        Viruses 
5  ROl  CA  17695-05 

YOSHIMURA,  Fayth  K  DNA  Forms  of  Murine  Leukemia  Virus 

Fred  Hutchinson  Cancer  Research  Center 
5  ROl  CA  25461-02 
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GRANTS  ACTIVE  DURING  FY 
SPECIAL  PROJECTS 
Investigator/ Institution/Grant  Number 


ABELSON,  John  N. 

U.  California  (San  Diego) 

5  ROl  CA  10984-11 

CARBON,  John  A. 

U.  California  (Santa  Barbara) 

5  ROl  CA  11034-11 

CARDIFF,  Robert  D. 
U.  California  (Davis) 
5  ROl  CA  21454-03 

CASPAR,  Donald  L. 
Brandeis  University 
2  ROl  CA  15468-07 

CHAMBERS,  Robert  W. 
New  York  University 
5  ROl  CA  16319-05 

DAMSKY,  Caroline 
Wistar  Institute 
5  ROl  CA  21319-03 

DARNELL,  James  E. ,  Jr. 
Rockefeller  University 
5  POl  CA  18213-05 

EHRLICH,  Melanie 
Tulane  Medical  School 
2  ROl  CA  19942-04 

FELLER,  William  F. 
Georgetown  University 
5  ROl  CA  17623-04 

FLEISCHMAN,  William  R. 
U.  Texas  (Galveston) 
1  ROl  CA  26475-OlAl 

GANESAN,  Adayapalam 
Stanford  University 
5  ROl  CA  16896-21 


Title 


Structure  and  Function  of 
Ribonucleic  Acids 


Studies  on  Gene  Organization  and 
Expression 


MTV  Gene  Amplification  and 
Expression 


Assembly  of  Viruses,  Membranes 
and  Tissues 


Mutagenesis  and  Carcinogenesis 


Actin  Relevance  to  Malignancy  and 
Virus  Morphogenesis 


Correlated  Program  in  Viral 
Oncology 


5-Methylcytosine  in  DNA: 
and  Development 


Cancer 


Characterization  of  DNA  Polymerases 
in  Human  Milk 


Modulation  of  the  Antitumor  Effect 
of  Interferon 


Genetics  of  Bacteria 
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GIRARDI,  Anthony  J. 

Institute  for  Medical  Research 

1  ROl  CA  24940-01 


Immunologic  Studies  in  Mouse  and 
Human  Breast  Cancer 


GRAY,  Horace  B. 
University  of  Houston 
2  ROl  CA  11761-10 


Hydrodynamics  of  Cirrcular  DNA 
Forms 


HARRISON,  Stephen  C. 
Harvard  University 
5  ROl  CA  13202-07 


Virus  Structure  and  Assembly 


HEDGCOTH,  Charlie,  Jr. 
Kansas  State  University 
5  ROl  CA  12741-08 


Effect  of  Virus-Induced  Transfor- 
mation on  tRNA 


HOLTZER,  Howard 
University  of  Pennsylvania 
2  ROl  CA  18194-06 


Conversion  of  Embryonic  Cells  into 
Transformed  Cells 


HUBERMAN,  Joel 

Roswell  Park  Memorial  Institute 

5  POl  CA  14801-07 


Chemotherapy  and  Regulation  of 
Oncogenic  Viruses 


HUNTER,  Eric 

U.  Alabama  (Birmingham) 

1  ROl  CA  27834-01 


Genetics  of  Primate  "D"  Type  Retro- 
viruses 


KOPROWSKI,  Hilary 
Wistar  Institute 
5  POl  CA  21124-04 


Genetics  and  Virology  of  Cancer 


KRAISELBURD,  Edmundo 
University  of  Puerto  Rico 
1  R13  CA  27449-01 


II  International  Workshop  in 
Oncogenic  Viruses 


LASFARGUES,  Etienne  Y. 
Institute  for  Medical  Research 
2  ROl  CA  08515-15 


Tissue  Culture  Studies  of  the 
Mammary  Tumor  Virus 


MAGUN,  Bruce  E. 
University  of  Arizona 
2  ROl  CA  20913-04 


Growth  Regulatory  Mechanisms  in 
Viral  Transformation 


MARCUS,  Philip  I. 
University  of  Connecticut 
5  POl  CA  14733-07 


Study  of  Genetics 
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McGRATH,  Charles  M. 
Michigan  Cancer  Foundation 
5  ROl  CA  18175-05 


Endogenous  Virus  and  Hormones  in 
Mammary  Cancer 


MILMAN,  Gregory 

Johns  Hopkins  University 

2  ROl  CA  21550-05 


Biochemistry  of  Mutation  in  Human 
Cells 


MORRIS,  Vincent  L. 
University  of  Western  Ontario 
5  ROl  CA  21311-03 


Control  of  Expression  of  Mouse 
Mammary  Tumor  Virus 


PARKS,  Wade 
University  of  Miami 
1  ROl  CA  27890-01 


MMTV  in  Spleen  Lymphoid  Cells: 
Immunologic  Effect 


PENHOET,  Edward  E. 

U.  California  (Berkeley) 

5  ROl  CA  20357-05 


Control  of  RNA  Synthesis  in  Eukaryo- 
tic  Cells 


QUIGLEY,  James  P. 
Downstate  Medical  Center 
2  ROl  CA  15740-06 


Proteases  in  Growth  Control  and 
Malignant  Transformation 


RHODE,  Solon  L.  ,  III 
Institute  of  Medical  Research 

of  Bennington 
7  ROl  CA  26801-02 


Replicon  Control  in  Normal  and 
Transforming  Cells 


ROBBINS,  Phillips  W. 

Mass.  Institute  of  Technology 

2  ROl  CA  14142-18 


Cell  and  Virus  Glycoproteins- 
Synthesis  and  Function 


ROMANO,  Antonio  H. 
Univ.  of  Connecticut 
5  ROl  CA  14274-06 


Sugar  Transport  and  Malignant 
Tranformation 


SARKAR,  Nurul  H. 

Sloan  Kettering  Institute 

2  ROl  CA  17129-05 


Components  of  the  Mouse  Mammary 
Tumor  Virus 


SCHLESINGER,  Milton  J. 
Washington  University 
5  ROl  CA  14311-08 


RNA-Envelope  Virus  Formation  in 
Animal  Cells 


SCOTT,  June  R. 
Emory  University 
5  ROl  CA  11673-11 


Lysogeny  and  Bacteriophage  PI 
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SEFTON,  Bartholomew 
Salk  Institute 
5  ROl  CA  17289-05 

TOMANA,  Milan 

U.  Alabama  (Birmingham) 

5  ROl  CA  19918-04 

VAIDYA,  Akhail 
Hahneman  Medical  College 
and  Hospital  of  Philadelphia 
2  ROl  CA  22413-04 


Viral  Membranes:  Structure  and 
Biosynthesis 


Biochemistry  of  Carbohydrates  in 
Cell  Surface  Components 


Etiological  Studies  of  Mammary 
Carcinoma 


VARMUS,  Harold  E. 

U.  California  (San  Francisco) 

5  ROl  CA  19287-05 

WARNER,  Robert  C. 

U.  California  (Irvine) 

5  ROl  CA  12627-11 

WATSON,  James  D. 

Cold  Spring  Harbor  Laboratory 

5  POl  CA  13105-09 

WATSON,  James  D. 

Cold  Spring  Harbor  Laboratory 

5  R13  CA  16224-07 

WATSON,  James  D. 

Cold  Spring  Harbor  Laboratory 

5  R13  CA  02809-25 

WEBER,  Michael  J. 
U.  Illinois  (Urbana) 
5  ROl  CA  12467-09 

WELLS,  Robert  D. 

U.  of  Wisconsin  (Madison) 

1  ROl  CA  20279-03 

YAMAMOTO,  Keith 

U.  California  (San  Francisco) 

2  ROl  CA  20535-04 


Molecular  Biology  of  Mouse  Mammary 
Tumor  Virus 


Studies  of  Polynucleotides  and 
Nucleic  Acids 


Cancer  Research  Center--Tumor  Virus 
Section 


Support  for  Cancer  Research  Center 
Courses 


Support  for  Symposia  on  Quanti- 
tative Biology 


Early  Cell -Surface  Changes  in  Viral 
Oncogenesis 


DNA  Structure  and  Gene  Regulation 


Mechanisms  of  Gene  Regulation  by 
Steroid  Receptor  Proteins 
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CANCER  RESEARCH  EMPHASIS  GRANTS 


Investigator/Institution/Grant  Number 

CABRAL,  Guy  A 

Virginia  Commonwealth  University 

5  ROl  CA  25737-03 

COURTNEY,  Richard  J 
University  of  Tennessee 
5  ROl  CA  24564-02 

ECKHART,  Walter 

Salk  Institute  for  Biological  Studies 

5  ROl  CA  21896-03 

FARAS,  Anthony  J 
University  of  Minnesota 
5  ROl  CA  20011-04 

FOLK,  William  R 
University  of  Michigan 
5  ROl  CA  21808-03 

GREEN,  Maurice 

Saint  Louis  University  Sch  of  Med 

5  ROl  CA  19996-05 

GREEN,  Maurice 

Saint  Louis  University  Sch  of  Med 

5  ROl  CA  21824-03 

GURNEY,  Elizabeth  T 
University  of  Utah 
5  ROl  CA  21797-03 

HASELTINE,  William 

Sidney  Farber  Cancer  Institute 

5  ROl  CA  19341-05 

KASAMATSU,  Harumi 

University  of  California  (LA) 

5  ROl  CA  21758-03 

LANG,  David  J 
Duke  University 
5  ROl  CA  21772-03 

LEVINE,  Arnold 

State  Univ  New  York  (Stony  Brook) 

7  ROl  CA  27511-01 


Title 

Herpesvirus  Antigens  in 
Transformed  Cells 


Studies  of  Purified  Herpes 
Simplex  Virus  Glycoproteins 


Transcription  in  Polyoma- 
Transformed  Cells 


Mechanism  of  Retrovirus  Proviral 
DNA  Synthesis 


Analysis  of  the  Polyoma  Genome 
in  Transformed  Cells 


Replication  of  RNA  Tumor  Viruses 


Transforming  Proteins  of  Three 
Human  Adenovirus  Groups 


Growth  Control  and  Viral  Gene 
Expression 

Replication  of  RNA  Tumor  Viruses 


Polypeptides  and  the  Protein-DNA 
Complex  in  SV40  Virion 


Leukemia  and  Cytomegaloviruses: 
Reciprocal  Effects 


Cell  Surface  Antigens  of  Viral 
Transformed  Cells  and  Teratomas 
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SPEAR,  Patricia  G 
University  of  Chicago 
5  ROl  CA  21776-03 


Herpesvirus  Gene  Expression  in 
Transformed  Cells 


VOGT,  Peter 

University  of  Southern  California 

5  ROl  CA  19725-05 


Genetics  of  RNA  Tumor  Viruses 


WATSON,  Kenneth  F 
University  of  Montana 
5  ROl  CA  19729-05 


Mechanism  of  Viral  RNA-Directed 
DNA  Polymerization 


WONG,  Paul  K  Y 

University  of  Illinois  (Urbana) 

5  ROl  CA  19723-05 


Genetics  Studies  of  Helper- 
Independent  Mouse  Sarcoma  Virus 


ZIMMER,  Stephen  G 
University  of  Kentucky 
5  ROl  CA  21807-03 


Early  Gene  Transcription  in 
Adenovirus  2  Infected  Cells 


1421 
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SUMMARY  REPORT 
CHEMICAL  AND  PHYSICAL  CARCINOGENESIS  BRANCH 

Research  grants  and  contracts  assigned  to  the  Chemical  and  Physical  Carcino- 
genesis Branch  are  collectively  concerned  with  the  achievement  of  a  more 
effective  prevention  of  human  cancer,  caused  or  promoted  by  chemical  or 
physical  agents  acting  separately  or  together,  or  in  combinations  with 
biological  agents.  Research  supported  under  this  program  bears  upon  a 
broad  range  of  subject-matter  areas,  with  principal  emphasis  on  environ- 
mental carcinogenesis,  mechanisms  of  action  of  chemical  and  physical  carcino- 
gens, DNA  damage  and  repair  in  carcinogenesis,  role  of  endocrine  factors  in 
carcinogenesis,  experimental  inhibition  of  carcinogenesis  by  chemical  means, 
the  phenomenon  of  promotion  in  carcinogenesis,  interspecies  comparisons  in 
the  response  to  carcinogen  exposure,  and  the  development  of  cell  culture 
systems  for  use  in  carcinogenesis  research.  The  program  also  supports  the 
development  and  distribution  of  a  considerable  spectrum  of  research  resources 
relevant  to  studies  on  chemical  carcinogenesis. 

Grants  and  contracts  assigned  to  this  Branch  support  five  complementary 
categories  of  carcinogenesis  research  and  related  activities:  Molecular 
Carcinogenesis,  Carcinogenesis  Mechanisms,  Chemoprevention,  Special  Projects, 
and  Research  Resources.  Molecular  Carcinogenesis  focuses  on  changes  in 
physiological  compounds  and  processes  produced  by  carcinogens,  effects  of 
carcinogens  on  cell  structure,  ultrastructure  and  function,  DNA  damage  and 
repair  in  carcinogenesis,  molecular  structure-carcinogenicity  relationships, 
and  enzymes  characteristically  associated  with  the  carcinogenesis  process. 
The  Carcinogenesis  Mechanisms  category  relates  to  the  absorbtion  and  body 
distribution  of  carcinogens,  specificity  of  transformation,  metabolism, 
toxicity,  and  physiological  disposition  of  carcinogens  and  their  metabolites, 
activation  and  inactivation  of  carcinogens,  identification  of  proximate  and 
ultimate  carcinogenic  forms,  factors  which  alter  the  action  of  carcinogens, 
and  carcinogen-mutagen  relationships.  Chemoprevention  focuses  on  the 
inhibition  of  carcinogenesis  by  chemical  agents.  Efforts  are  devoted  to  the 
identification,  development,  and  testing  of  potential  chemopreventive  agents, 
in  both  in  vitro  and  in  vivo  systems.  Areas  of  interest  include  mechanisms 
of  action  of  chemopreventive  agents,  binding  proteins  and  receptors,  and 
structure-function  relationships.  Program  Projects  and  analogous  multi-  and 
interdisciplinary  contracts  are  assigned  to  the  Special  Projects  category. 
The  latter  includes  studies  which  seek  to  define  the  role  of  promotion  in 
environmental  carcinogenesis,  mechanisms  of  action  of  promoters,  the  role  of 
endocrine  factors  in  carcinogenesis,  metabolic  patterns  in  pre-clinical  and 
in  early  neoplasia,  interspecies  comparisons  in  the  response  to  carcinogen 
exposure,  the  development  of  cell  culture  systems  for  use  in  carcinogenesis 
research,  and  the  sponsorship  of  carcinogenesis  workshops,  conferences,  and 
symposia.  The  Research  Resources  category,  supported  solely  by  contract,  is 
concerned  with  the  synthesis  and  distribution  of  selected  carcinogens  and 
certain  of  their  metabolites,  with  particular  reference  to  polynuclear  hydro- 
carbon carcinogens,  their  metabolic  intermediates,  and  analogous  heterosub- 
stituted  compounds,  as  well  as  the  synthesis  and  distribution  of  retinoids, 
including  radiolabeled  forms. 
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Table  I  provides  an  estimate  of  grant  and  contract  support,  respectively,  in      g 
each  of  the  five  categories  outlined  above,  as  of  the  close  of  Fiscal  Year       fj 
1980.  Table  II  focuses  on  mechanisms  of  support  of  extramural  research  and 
related  activities  in  the  area  of  chemical  and  physical  carcinogenesis. 


TABLE  I 
CHEMICAL  AND  PHYSICAL  CARCINOGENESIS  BRANCH 

FY  1980 


Carcinogenesis  Mechanisms 
Chemoprevention 
Molecular  Carcinogenesis 
Research  Resources 
Special  Projects 


Prepared  May  15,  1980 


CONTRACTS  GRANTS 

No.  of         I  No.  of 


Contracts   (Millions)   Grants   (Millions 


20 

.89 

62 

5.05 

18 

2.15 

14 

1.04 

25 

3.13 

141 

11.20 

21 

2.75 

0 

0 

30 

6.50 

93 

12.48 

TOTAL       114        15.42      310       29.77 
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TABLE  II 

CHEMICAL  AND  PHYSICAL  CARCINOGENESIS  BRANCH 
(Extramural  Activities  -  FY  1980) 


No.  of 
Contracts/Grants 


(Millions, 


Research  Contracts 

Research  Grants 

Traditional  Project  Grants 

(291  grants;  $23.69  million) 

Conference  Grants 

(2  grants;  $.03  million) 

New  Investigator  Research  Grants 
(7  grants;  $.26  million) 

Program  Project  Grants 

(10  grants;  $5.79  million) 

Cancer  Research  Emphasis  Grants 

Research  Resources  Contracts 

Frederick  Cancer  Research  Center 

Research  Effort 

(1  contract;  $3.65  million) 

Extramural  Resources 
(0) 

Interagency  Agreements 

(1  contract;  $.57  million) 


114 
310 


2 

21 

2 


TOTAL 


449 


15.42 
29.77 


.10 
2.75 
4.22 


52.26 


Prepared  May  15,  1980 
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CHEMICAL  AND  PHYSICAL  CARCINOGENESIS  BRANCH 
SUMMARY  OF  RESEARCH  GRANTS 

Overall  funding  for  grants  in  Fiscal  Year  1980  amounted  to  $29.77  million,  an 
increase  of  8.7%  as  compared  with  Fiscal  Year  1979,  but  with  essentially  no 
change  in  the  number  of  grants  funded.  Indeed,  the  number  of  awards  decreased 
from  314  in  Fiscal  Year  1979  to  310  in  Fiscal  Year  1980.  As  pertains  to 
Traditional  Project  Grants  (ROl),  291  awards  were  made  in  Fiscal  Year  1980 
at  a  cost  of  $23.69  million,  compared  with  299  grants  costing  $21.79  million 
during  the  prior  year.  These  latter  data  mirror  an  11.7%  increase  in  the 
funding  of  individual  ROl  grants;  from  $72,876  in  Fiscal  Year  1979  to  $81,408 
in  Fiscal  Year  1980.  Information  concerning  the  estimated  number  and  total 
costs  of  the  several  kinds  of  grants  funded  during  Fiscal  Year  1980,  are 
shown  in  Table  II. 

Table  I  provides  information  concerning  the  distribution  of  grant  supported 
research  among  the  several  programmatic  categories  within  the  Chemical  and 
Physical  Carcinogenesis  Branch.  Of  the  $12.48  million  shown  for  Special 
Projects,  $5.79  million  represent  the  cost  of  10  mul tidisciplinary  Program 
Projects  (POl)  and  $3.94  million  constitute  the  funding  of  47  grants  in  the 
area  of  endocrine  related  biochemistry  of  cancer.  In  the  Molecular 
Carcinogenesis  category,  the  emphasis  is  on  biochemical  and  biophysical 
changes  in  physiological  compounds  and  processes  produced  by  chemical 
carcinogens,  cocarcinogens,  and  mutagens  (48  grants;  $4.16  million),  repair  of 
DNA  damage  following  interaction  with  carcinogens  (33  grants;  $2.52  million), 
properties  of  cells  transformed  by  carcinogens  (13  grants;  $1.21  million), 
and  a  mix  of  isolation,  identification,  and  synthesis  of  chemical  carcinogens 
and  their  metabolites,  together  with  molecular  structure-activity  relation- 
ships (16  grants;  $1.15  million).  The  Carcinogenesis  Mechanisms  category 
shows  an  emphasis  (47  grants;  $3.63  million)  on  the  metabolism  and  physio- 
logical disposition  of  carcinogens  and  their  metabolites  and  the  identification 
of  proximate  and  ultimate  forms  of  chemical  carcinogens.  Chemoprevention 
is  largely  concerned  with  studies  on  retinoids.  Research  Resources  are 
supported,  in  the  main,  by  contract. 

Research  Accomplishments 

To  examine  the  effects  of  benzo(a)pyrene  7,8-dihydrodiol  9,10-oxide  (BPDE) 
modification  on  the  function  of  DNA,  these  investigators  have  utilized  a 
system  in  which  the  purified  DNA  of  the  plasmid  PBR  322  transfects  antibiotic 
resistance  to  strains  of  E.  coli.  The  plasmid  DNA  was  reacted  with  BPDE, 
repurified  and  then  assayed  for  transfection.  With  increasing  extents  of 
BPDE  modification,  there  was  a  decrease  in  the  ability  of  plasmid  DNA  to 
transfect  a  receptive  E.  coli  strain.  Their  data  indicate  that  a  single  BPDE 
hit  per  DNA  molecule  was  sufficient  to  cause  inactivation. 

Because  of  its  simplicity,  the  plasmid  DNA  transfection  assay  is  well  suited 
for  the  detection  and  identification  of  other  toxic  chemical  substances  that 
bind  to  DNA  and  may,  therefore,  be  generally  useful  in  carcinogenesis  research. 
It  has  the  advantage  that  one  can  first  react  the  test  substance  under  defined 
conditions  with  purified  DNA  and  then  assay  for  effects  on  DNA  function.  Thus, 
one  overcomes  the  possible  reaction  of  the  test  substance  with  other  cellular 
macromolecules  or  the  possibility  that  the  test  substance  may  not  itself 
enter  the  cells  being  tested.  (Pulkrabek  et_  a]_. ,  1979). 
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Safrole  and  estragole  induce  liver  tumors  at  10-15  mo.  in  mice  given  low 
doses  prior  to  weaning  and  then  maintained  without  further  treatment.  The 
1 ' -hydroxy  metabolites  are  more  active  than  the  parent  compounds.  Safrole 
and  its  1 ' -hydroxy  metabolite  also  induce  tumors  when  administered  for 
approximately  1  year  to  adult  male  or,  especially,  female  mice.  Esters  of 
the  1' -hydroxy  derivatives  as  well  as  the  2' ,3 '-epoxides  of  the  parent  com- 
pounds and  their  1' -hydroxy  derivatives  are  mutagenic  for  Salmonella 
typhimurium  TA  100  and  have  been  suggested  as  possible  ultimate  carcinogenic 
metabolites.  Accordingly,  the  capacities  of  rat  and  mouse  liver  microsomes 
to  carry  out  these  reactions  are  being  investigated.  Current  data  show  that 
the  microsomes  from  adult  female  mouse  liver,  when  fortified  with  an  NADPH- 
generating  system,  convert  safrole  and  estragole  to  their  1 ' -hydroxy  and 
their  2' ,3' -epoxide  metabolites.  The  extents  of  the  1 ' -hydroxylation  reactions 
are  2-4  times  those  for  the  epoxidation  reactions,  and  the  metabolism  of 
estragole  by  both  reactions  occurs  at  2-4  times  the  rates  observed  with 
safrole.  1 ' -Hydroxylation  of  the  2',3'-oxides  is  also  catalyzed  by  the 
NADPH-fortified  liver  microsome  system;  this  reaction  occurs  at  about  25%  of 
the  rates  observed  for  the  epoxidation  of  the  parent  compounds.  Hydroxylation 
of  the  2' ,3'-epoxides  occurs  at  25-50%  of  the  rates  observed  for  the  parent 
compounds.  Safrole-  and  estragole-2' ,3' -epoxide  are  each  very  susceptible 
to  microsomal  epoxide  hydratase;  little  product  was  obtained  unless  the 
hydratase  was  initiated  by  3,3,3-trichloropropylene  oxide.  By  contrast,  the 
T-hydroxy-2' ,3 '-oxides  were  refractory  to  the  microsomal  epoxide  hydratase. 
These  data  are  consistent  with  the  lack  of  carcinogenic  activity  of  safrole- 
and  estragole-2' ,3' -oxide  for  the  induction  of  liver  tumors  when  administered 
to  preweanling  mice;  T -hydroxysafrole-2' ,3' -oxide,  though  less  active  than 
1 '-hydroxysafrole,  induced  liver  tumors.  (Miller  et^  al_. ,  1979). 

The  livers  of  mice  given  a  single  dose  of  diethylnitrosamine  during  the  first 
24  hours  after  birth  and  killed  at  4-week  intervals  were  used  to  study  the 
progression  of  the  development  of  glucose-6-phosphatase-deficient  hepatic  foci 
and  of  liver  tumors.  In  male  CD-I  mice  given  0.4  ymol  of  diethylnitrosamine/g 
body  weight,  the  number  of  foci  increased  with  time,  with  the  rate  of  increase 
being  greater  after  16  weeks.  The  number  of  foci  increased  more  slowly  in 
male  mice  given  0.1  ymol  of  the  carcinogen/g.  Few  foci  were  observed  in 
female  mice  given  either  dose,  and  none  were  found  in  solvent-treated  or 
uninjected  male  or  female  CD-I  mice.  Although  the  average  diameters  of  the 
glucose-6-phosphatase-deficient  foci  did  not  differ  significantly  with  either 
the  dose  or  sex  of  the  CD-I  mice,  the  average  focus  diameter  increased  with 
the  age  of  the  mice  in  each  group  up  to  16-20  weeks.  However,  the  transections 
for  the  largest  10-20%  of  the  foci  were  markedly  larger  for  the  male  than  for 
the  female  mice  treated  with  diethylnitrosamine,  especially  after  16  weeks. 
Thus,  these  foci  appeared  to  be  much  faster-growing  than  the  average  focus. 

The  above  study  was  extended  in  (C57/B1/6  x  C3H/He)F^  mice  given  0.2  ymol  of 
diethylnitrosamine/g  body  weight  in  view  of  the  individual  variability  in 
response  to  the  out-bred  CD-I  mice.  In  this  case,  the  difference  in  number 
of  foci  between  treated  male  and  female  mice  was  only  about  twofold,  and  the 
number  of  foci/liver  increased  with  time  for  each  sex.  The  average  diameters 
of  the  glucose-6-phosphatase-deficient  foci  increased  with  time  for  the  livers 
of  both  sexes,  but  the  rate  of  increase  was  significantly  smaller  for  the  foci 
of  the  livers  of  the  female  mice  than  for  those  of  the  male  mice.  As  observed 
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for  the  CD-I  mice,  the  size  of  the  foci  in  the  upper  10-20%  of  the  cases  was 
markedly  greater  for  the  livers  of  male  than  for  the  female  mice.  Analysis  of 
the  number  of  gross  liver  tumors  compared  with  the  number  of  glucose-6- 
phosphatase-deficient  foci  indicated  that  as  many  as  lO/o  of  the  observable 
foci  had  developed  to  gross  tumors  (hepatoma  type  A)  by  48  weeks. 

These  data  are  consistent  with  the  assignment  of  glucose-6-phosphatase- 
deficient  foci  as  a  preneoplastic  lesion  in  mice  treated  neonatally  with 
diethylnitrosamine.   (Moore  et  aj_.  ,  manuscript  submitted). 

The  definition  and  characterization  of  the  stages  of  initiation  and  promotion 
during  the  process  of  carcinogenesis  in  rodent  skin  have  become  a  model  on  which 
two-stage  carcinogenesis  in  extraepidermal  tissues  has  been  patterned.  Evi- 
dence for  stages  during  hepatocarcinogenesis  has  been  shown  in  2-acetylamino- 
fluorene,  3' -methyl -N,N-dimethyl-4-aminoazobenzene,  and  diethylnitrosamine- 
induced  hepatic  tumors.  Unlike  epidermal  carcinogenesis,  however,  the 
immediate  progeny  of  the  initiated  cell  population  can  be  identified  in  liver 
by  their  altered  enzyme  phenotypes  with  suitable  histochemical  methods. 

Phenobarbital  administration  for  2  to  6  months  following  administration  of 
a  single  dose  of  diethylnitrosamine  (10  mg/kg)  to  partially  hepatectomized 
rats  results  in  a  marked  increase  in  the  number  of  enzyme-altered  foci,  an 
alteration  in  their  phenotypes,  and  the  production  of  hepatocellular  carcinomas. 
This  result  contrasts  with  the  results  of  much  lower  incidences  of  foci  and 
tumors  in  the  livers  of  rats  treated  only  by  administration  of  the  carcinogen 
after  partial  hepatectomy. 

The  enzyme-altered  foci  produced  by  feeding  phenobarbital  following  diethyl - 
nitrosamine/partial  hepatectomy  treatment  are  stable  upon  removal  of  pheno- 
barbital from  the  diet.  Both  2-methyl-N,N-dimethyl-4-aminoazobenzene  and 
7,12-dimethylbenzanthracene,  metabolites  of  which  react  covalently  with  DNA 
in  liver  but  which  themselves  do  not  produce  hepatic  tumors  in  adult  rats, 
cause  carcinomas  and/or  increased  numbers  of  enzyme-altered  foci  when 
administered  after  a  partial  hepatectomy.  (Pitot  ejt  aj_. ,  1979). 

The  administration  of  2,3,7,8-tetrachlorodibenzo-p-dioxin  (TCDD)  at  doses 
equivalent  to  0.14  and  1.4  ug/kg  every  2  weeks  for  7  months  following  a  single 
dose  of  diethylnitrosamine  (DEN)  (10  mg/kg)  given  within  24  hours  following  a 
partial  hepatectomy  resulted  in  a  marked  increase  in  enzyme-altered  foci  as 
well  as  the  production  of  hepatocellular  carcinomas  at  the  higher  dose  of  TCDD. 
The  animals  that  received  only  the  single  "initiating"  dose  of  DEN  after  the 
partial  hepatectomy,  with  no  further  treatment,  exhibited  relatively  few 
enzyme-altered  foci  and  no  hepatocellular  carcinomas  at  the  end  of  the  experi- 
ment. Rats  given  TCDD  alone  showed  only  a  small  number  of  enzyme-altered  foci 
and  no  neoplastic  lesions  in  their  livers.  By  means  of  three  different  enzyme 
markers  used  to  evaluate  the  phenotypes  of  the  enzyme-altered  foci,  a  distinct 
phenotypic  heterogeneity  of  the  foci  was  noted  with  a  shift  toward  phenotypes 
exhibiting  a  greater  deviation  from  normal  liver  when  TCDD  was  given  following 
DEN/partial  hepatectomy.  The  total  volume  of  the  liver  occupied  by  the  enzyme- 
altered  foci,  but  not  their  number,  increased  with  the  dose  of  TCDD  adminis- 
tered following  DEN/partial  hepatectomy.  These  studies  demonstrate  that  TCDD 
is  a  potent  promoting  agent  for  hepatocarcinogenesis  (approximately  a  million 
times  more  potent  than  phenobarbital).  (Submitted  for  publication). 
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The  major  dihydrodiols  formed  from  5-methylchrysene  (5-MeC)  by  rat  liver 
9000  X  g  supernatant  were  tested  for  tumor  initiating  activity  on  mouse  skin. 
The  compounds  were  1 ,2-dihydro-l ,2-dihydroxy-5-methylchrysene  (5-MeC-l ,2-diol ) 
7,8-dihydro-7,8-dihydroxy-5-methylchrysene  (5-MeC-7,8-diol )  9,10-dihydro-9,10- 
dihydroxy-5-methylchrysene  (5-MeC-9,10-diol )  and  5-MeC.  Each  compound  was 
applied  in  a  total  initiating  dose  of  30  yg  followed  by  promotion  with  tetra- 
decanoylphorbol  acetate.  5-MeC-l ,2-diol  was  the  most  powerful  tumor  initiator 
inducing  tumors  in  95%  of  the  animals  and  7.3  tumors  per  animal.  5-f1eC  and 
5_MeC-7,8-diol  induced  tumors  in  75%  and  50%  of  the  animals  and  gave  3.0  and 
1.1  tumors  per  animal,  respectively.  5-MeC-9,10-diol  was  not  tumorigenic. 
The  results  indicate  that  5-MeC-l  ,2-diol  is  a  major  proximate  carcinogen  of 
5-MeC  and  are  in  agreement  with  the  bay  region  hypothesis  of  polynuclear 
aromatic  hydrocarbon  carcinogenesis  and  with  previous  studies  on  the  dihydro- 
diols and  dihydrodiol  epoxides  of  chrysene. 

The  higher  tumor  initiating  activity  of  5-MeC-l  ,2-diol  than  5-MeC-7 ,8-diol  is 
intriguing.  This  result  suggests  that  an  isomer  of  1 ,2-dihydroxy-3,4-epoxy- 
5-methy^-l  ,2,3,4-tetrahydrochrysene,  in  which  the  methyl  group  and  the 
epoxide  ring  are  in  the  same  bay  region,  is  formed  more  readily  or  is  a  more 
potent  ultimate  carcinogen  than  an  isomer  of  7  ,8-dihydroxy-9,10-epoxy-7,8,9- 
10-tetrahydro-5-methylchrysene.  Among  the  six  monomethyl chrysene  isomers  and 
chrysene,  only  5-MeC,  which  is  the  most  carcinogenic  isomer,  can  form  such 
a  dihydrodiol  epoxide  with  the  methyl  group  in  the  same  bay  region  as  the 
epoxide  ring.  This  explains  the  high  carcinogenicity  of  5-MeC  compared  to 
the  other  isomers  and  chrysene.  The  potent  activity  of  5-MeC-l ,2-diol  is  in 
agreement  with  the  structural  requirements  favoring  tumorigenicity  of 
methylated  polynuclear  aromatic  hydrocarbons  which  these  investigators  have 
previously  suggested:  a  bay  region  methyl  group  and  free  peri  position 
adjacent  to  an  unsubstituted  angular  ring.  (Hecht  et_  a^. ,  1980).  (In  press). 

To  analyze  the  reliability  of  phenotypic  markers,  rats  were  fed  0.02  percent 
N-2-fluorenylacetamide  for  13  weeks  to  induce  abnormal  populations.  This 
exposure  induced  foci  of  altered  cells  characterized  by  enzymatic  reactions 
of  positive  gamma-glutamyl  transpeptidase,  decreased  adenosine  triphosphatase 
and  glucose-6-phosphatase  and  resistance  to  cellular  iron  accumulation. 
Analysis  revealed  that  more  lesions  were  detected  by  resistance  to  iron 
accumulation  than  by  any  of  the  other  properties.  Moreover,  there  was  con- 
siderable phenotypic  heterogeneity  among  foci  for  the  enzyme  markers.  Thus, 
the  study  revealed  that  resistance  to  iron  accumulation  is  a  more  sensitive 
marker  for  early  carcinogen-induced  altered  hepatocellular  foci  than  any 
other  histochemical  property.  Therefore,  we  have  concentrated  on  the  use  of 
this  property  in  the  analysis  of  liver  neoplastic  development. 

Foci  and  nodules  identified  by  resistance  to  iron  accumulation  were  induced 
in  rat  liver  by  limited  feeding  cycles  of  N-2-fluorenylacetamide  for  three, 
four,  or  five  cycles  of  four  week  intervals  separated  by  one  week  of  a  basal 
diet.  Foci  were  present  by  the  end  of  three  feeding  cycles  and  increased  in 
number  with  further  carcinogen  exposure.  No  nodules  were  present  at  the  end 
of  three  or  four  cycles,  but  they  appeared  at  later  intervals  after  removal 
of  the  carcinogen.  Nodules  were  present  at  the  end  of  five  cycles  of  feeding 
and  increased  in  number  later.  Thus,  nodules  were  found  to  be  persistent  and 
to  have  the  progressive  growth  ability  in  situ  that  is  characteristic  of  neo- 
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plasms.  This  study,  therefore,  has  contributed  to  a  better  understanding  of 
the  nature  of  the  nodular  liver  lesions  that  develop  in  the  course  of  hepato- 
carcinogenesis.   (Hirota  and  Williams,  1979). 

A  large  number  of  carcinogens  must  be  metabolically  activated  before  they  can 
exert  their  biological  effect.  Most  tissues  and  cells  examined  to  date  contain 
enzyme  systems  which  can  both  activate  and  detoxify  these  carcinogens.  The 
primary  enzyme  system  which  can  activate  a  wide  variety  of  chemicals  to 
carcinogenic  products  is  the  microsomal  mixed  function  oxidase  system.  The 
component  responsible  for  the  substrate  specificity  is  the  terminal  oxidase, 
cytochrome  P-450,  which  is  present  in  multiple  forms.  The  conjugating  enzymes 
such  as  UDP-glucuronyl  transferase  are  involved  in  the  detoxification  of 
carcinogens.  The  role  of  four  forms  of  cytochrome  P-450  from  rabbit  liver  in 
the  metabolic  activation  of  two  different  carcinogens,  2-aminoanthracene  and 
benzo(a)pyrene  (BP),  was  investigated  using  S.  Typhimurium  TA  98  in  a  short- 
term  test  system.  Each  of  the  purified  forms  was  reconstituted  with  the 
other  necessary  components  of  the  system,  NADPH-cytochrome  P-450  reductase 
and  lipid.  Under  assay  conditions  where  cytochrome  P-450  concentration  was 
rate  limiting,  form  4,  but  not  the  other  forms,  converted  2-aminoanthracene 
to  a  potent  mutagen.  Form  6,  on  the  other  hand,  was  the  only  form  which 
metabolized  BP  to  a  mutagen.  These  results  demonstrate  that  specific 
cytochrome  P-450  forms  activate  specific  mutagens  (Norman  et_  a]_. ,  1979). 
This  suggests  that  the  tissue  response  to  a  carcinogen  may  be  strongly 
influenced  by  its  cytochrome  P-450  composition  and  which  form  prodominates 
at  the  time  of  carcinogen  exposure. 

The  presence  of  a  specific  cytochrome  P-450  form  may  not  be  sufficient  to 
explain  differences  in  susceptibility  of  cells  to  the  transforming  action  of 
chemicals.  This  was  demonstrated  in  a  study  of  BP  metabolism  and  its 
enhancement  by  inducers  of  the  microsomal  enzyme  system  using  different  C3H 
mouse  cell  lines  (Gehly  et_  al_- ,  1979).  The  cell  lines  examined  included  one 
that  ia  readily  transformed  by  BP  (C3H  lOT-1/2  CL8) ,  one  not  transformable  by 
BP  (CVP3SC6),  and  a  transformed  line  derived  from  3-methylcholanthrene- 
treated  C3H  lOT-1/2  CL8.  The  results  showed  that  the  enzyme  activities  were 
inducible  to  a  greater  extent  in  the  transformable  cells  that  in  the  other 
two  cell  lines.  Although  the  metabolism  of  BP  was  higher,  the  distribution 
of  BP  metabolites,  as  measured  by  high  pressure  liquid  chromatography,  was 
qualitatively  identical  in  all  three  cell  lines.  The  findings  show  that  the 
difference  in  transformabi lity  of  the  cell  lines  can  not  be  attributed  to  a 
difference  in  the  qualitative  nature  of  the  primary  BP  metabolites  formed 
and,  therefore,  on  the  cytochrome  P-450  species  present.  The  ability  of  the 
transformable  cell  line  to  generate  higher  steady  state  intracellular  levels 
of  activated  carcinogen  may  be  a  relevant  factor  in  explaining  the  difference 
in  transformabi lity  by  BP 

In  the  cellular  metabolism  of  BP  the  conjugation  or  removal  of  metabolites 
by  enzymes  such  as  UDP-glucuronyl  transferase  can  affect  the  steady  state 
levels  of  activated  carcinogen.  An  important  feature  of  the  metabolism  of 
BP  is  the  competition  between  BP  and  various  BP  metabolites  for  the  enzyme, 
cytochrome  P-450.  Previously,  it  had  been  shown  that  the  effect  of  adding  or 
increasing  UDP  glucuronyl  transferase  activity  is  to  stimulate  BP  metabolism 
and  the  binding  of  BP  diol  epoxide,  the  putative  ultimate  carcinogenic  form 
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of  BP,  to  DNA.  UDP  glucuronyl  transferase  conjugates  principally  the  phenol 
and  quinone  metabolites  of  BP.  The  BP  quinones  and  especially  BP  6,12- 
quinone,  were  shown  to  be  potent  noncompetitive  inhibitors  of  the  mixed- 
function  oxidation  of  BP  and  BP  7,8-dihydrodiol ,  the  immediate  precursor  of 
BP  diol  epoxide  (Shen  et  aj_. ,  1979).  The  BP  quinones,  however,  had  no  effect 
on  the  distribution  of  BP  and  BP  7,8-dihydrodiol  metabolites.  Thus,  the 
stimulatory  effect  of  UDP  glucuronyl  transferase  activity  on  the  activation  of 
BP  to  DNA  binding  products  is  due  to  the  removal  of  inhibitory  products. 
Many  of  these  factors,  the  composition  of  cytochrome  P-450s,  substrate  pre- 
ference of  cytochrome  P-450s,  and  the  interaction  of  activation  and  detoxifi- 
cation enzymes,  for  example,  should  be  considered  in  any  rational  design  of 
systems  for  carcinogen  detection. 

The  development  of  biochemical  markers  for  the  early  detection  of  chemically- 
induced  preneoplastic  changes  is  important  in  the  study  of  the  carcinogenic 
process.   In  experimental  hepatocarcinogenesis ,  the  histochemical  marker 
enzyme  gamma-glutamyl  transpeptidase  (GGT)  has  been  used  to  detect  foci  of 
preneoplastic  hepatocytes  which  can  be  induced  by  various  chemical  carcinogens. 
GGT  is  undetectable  in  normal  adult  hepatocytes  but  is  highly  active  in  fetal 
and  neoplastic  hepatocytes  and  in  other  cell  types  such  as  bile  duct  and 
ductular  cells  and  oval  cells.  The  test  chemicals,  given  12  hours  after  a 
partial  hepatectomy  to  stimulate  hepatocyte  replication,  can  initiate  the 
formation  of  putative  preneoplastic  hepatocytes.  These  initiated  cells 
selectively  proliferate  under  conditions  of  dietary  2-acetylaminofluorene  and 
carbon  tetrachloride  treatment,  since  they  are  resistant  to  inhibition  by  the 
latter  chemicals.  After  a  total  of  five  weeks,  the  animals  are  sacrificed, 
and  liver  samples  are  processed  for  histological  and  histochemical  examination. 
This  particular  system,  which  has  the  development  of  foci  of  GGT  as  an  endpoint, 
is  being  explored  as  a  potentially  useful  short-term  in  vivo  assay  for  the 
detection  of  carcinogens  (Tsuda  and  Farber,  1980). 

Another  potential  marker  of  preneoplastic  hepatocytes  which  has  stimulated 
increasing  interest,  is  the  induction  of  serum  alpha-fetoprotein  (AFP)  produc- 
tion. The  induction  of  AFP  synthesis  is  caused  by  exposure  to  a  variety  of 
hepatocarcinogens  and  not  by  several  noncarcinogenic  analogs.  Exposure  to 
the  hepatocarcinogen  diethylnitrosamine  (DEN),  however,  does  not  result  in 
an  immediate  elevation  of  AFP  (Becker  and  Sell,  1979),  but  the  AFP  production 
occurs  many  weeks  later.  This  result  is  in  contrast  to  the  early  AFP  elevation 
with  N-2-acetylaminofluorene  (AAF)  and  other  carcinogens.  It  is  thus  postu- 
lated that  AFP  is  produced  by  a  specific  cell  population  which  may  or  may  not 
be  related  to  carcinogenesis.  It  is  probably  not  produced  as  a  result  of 
hepatocyte  injury  or  selected  hepatocyte  gene  derepression  as  related  to 
carcinogenesis. 

A  third  possible  marker  is  the  enzyme,  epoxide  hydrase,  which  is  present  in 
elevated  levels  in  hyperplastic  nodules  of  liver  induced  by  AAF  (Novikoff 
et_  al_. ,  1979).  The  high  level  of  epoxide  hydrase  is  maintained  in  those 
nodules  that  persist  and  in  the  hepatocellular  carcinomas  that  subsequently 
develop.  This  enzyme  plays  a  role  in  the  metabolism  of  especially  polycyclic 
hydrocarbon  carcinogens  and  has  been  identified  as  the  preneoplastic  antigen 
associated  with  hepatic  hyperplastic  nodules. 
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There  is  abundant  evidence  that  the  exposure  of  an  animal  or  cell  to  chemical 
carcinogens  can  initiate  the  progressive  changes  in  cells  which  lead  to 
cellular  transformation  and  malignancy.  The  regulatory  phenomena  involved  in 
converting  an  initiated  cell  to  a  transformed  cell  are  poorly  understood. 
Responses  such  as  an  alteration  in  genome  transcription  and  messenger  RNA 
translation  or  RNA  processing  and  transport  from  nucleus  to  cytoplasm  could 
give  cells  a  proliferative  advantage  thus  allowing  the  expression  of  the 
neoplastic  phenotype.  Rats  fed  the  carcinogen  3' -methyl -4-dimethylaminoazo- 
bezene  develop  hepatomas.  Normal  rat  liver  nuclei  contain  a  3.5  S  RNA  which 
is  transcribed  from  repetitive  DNA  and  is  found  bound  to  nonhistone  chromosomal 
protein.  This  RNA  normally  remains  in  the  nucleus,  but  following  carcinogen 
treatment,  the  nucleotide  sequences  of  this  RNA  are  released  into  the  cyto- 
plasm as  part  of  larger  RNA  molecules  (Patel  et^  al_.  ,  1979).  Once  initiated, 
the  process  appears  to  be  irreversible  since  the  RNA  release  continues  even 
after  a  ten-week  interruption  in  azocarcinogen  feeding. 

The  transcription  of  other  specific  RNA  sequences  is  probably  induced  following 
transformation  by  chemical  carcinogens.   In  cells  derived  from  high-leukemia- 
incidence  mice  (AKR-2B),  endogenous  virus  production  is  readily  activated  when 
transformed  by  chemical  carcinogens.   In  C3H/10T-1/2  cells,  which  are  derived 
from  low-tumor-incidence  mice,  virus  production  is  not  similarly  activated 
upon  transformation  by  chemicals.  The  evidence  presented  suggests  that  this 
differential  inducibility  of  virus  production  by  chemical  carcinogens  is 
related  to  the  stringency  of  cellular  control  over  the  transcription  of  murine 
leukemia  virus  (MuLV)-related  genes  in  these  cells  (Getz  et_  a]_.  ,  1979).  The 
chemically  transformed  AKR  cells  exhibited  a  large  increase  in  the  abudance  of 
MuLV-related  nuclear  RNA  sequences  but  with  no  detectable  change  in  the  com- 
plexity. However,  changes  in  both  the  complexity  and  abudance  are  readily 
apparent  in  polyribosome-associated  messenger  RNA.   In  contrast,  C3H  lOT-1/2 
cells  contain  nuclear  and  polysomal  MuLV-related  RNA  sequences  of  similar  com- 
plexity. The  complexity  of  these  sequences  was  less  than  the  MuLV  complexity 
and  no  post-transcriptional  regulation  was  apparent. 

A  wide  variety  of  macromolecules  undergo  methylation  utilizing  S-adeno- 
sylmethionine  (S-Ado-Met)  as  the  methyl  donor.  The  modification  by  methylation 
is  considered  to  be  important  to  the  structure,  function,  or  regulatory  roles 
of  the  macromolecules.  For  instance,  the  content  of  5-methylcytosine  (m^C) 
in  cellular  DNA  has  been  shown  to  be  altered  during  development,  aging  or  in 
different  physiological  states  induced  by  hormones  and  other  compounds  which 
affect  S-Ado-Met  metabolism.  Many  investigators  have  sought  a  functional  re- 
lationship between  nucleic  acid  methylation  and  the  malignant  phenotype. 
Nuclear  DNA  isolated  from  premalignant  nodules  and  primary  hepatocellular 
carcinomas  induced  by  exposure  to  acetylaminofluorene  or  dimethylnitrosamine 
was  shown  to  be  under  methylated  by  20%  to  45%.  DNA  from  proliferating  normal 
cells  was  only  12.5%  hypomethylated  (Lapeyre  and  Becker,  1979).  These  findings 
suggest  that  an  aberration  in  endogenous  DNA  methylation  may  occur  during 
neoplastic  transformation.  An  enzyme  responsible  for  methylations  using 
S-Ado-Met,  S-Ado-Met  synthetase,  occurs  as  three  identifiable  isozymes  in  rat 
liver.  Alterations  in  isozyme  patterns  was  demonstrated  for  several  trans- 
plantable hepatomas  and  in  neoplastic  nodules  and  hepatocellular  carcinomas 
which  arose  during  acetylaminofluorene  hepatocarcinogenesis  (Liau  et  al .  , 
1979).  Kinetic  properties  of  tumor  isozyme  was  found  to  be  altered.  This 
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was  unique  to  neoplastic  nodules  and  tumors  and  may,  therefore,  be  a 
significant  characteristic  of  malignant  evolution. 

The  formation  of  dihydrodiols  from  polycyclic  aromatic  hydrocarbons  in  bio- 
logical systems  has  been  widely  studied  since  these  metabolites  are  thought 
to  be  involved  as  intermediates  in  the  metabolic  activation  of  this  class  of 
carcinogens.  Metabolic  activation  of  7,12-dimethylbenz(a)anthracene  (DMBA) 
in  mouse  skin  and  in  hamster  embryo  cells  may  involve  generation  of  epoxides 
formed  by  further  metabolism  of  trans-dihydrodiols  in  the  1 ,2, 3, 4, -ring.  It 
has  also  been  suggested  that  hydroxylation  of  the  7-methyl  group  of  this  hydro- 
carbon may  be  necessary  for  its  metabolic  activation.  The  formation  of 
dihydrodiols  as  metabolites  of  7-hydroxymethyl-DMBA  was  studied  in  rat-liver 
microsomal  preparations  and  in  mouse  skin  in  short-term  organ  culture 
(MacNicoll  et  al.  ,  1979).  The  3,4-,  8,9-  and  10,11-dihydrodiols  were  formed 
in  both  systems.  The  5,6-dihydrodiol  was  formed  in  rat-liver  microsomal 
fractions,  but  not  when  7-hydroxymethyl-DMBA  was  incubated  with  mouse  skin  in 
short-term  organ  culture.  These  results  are  consistent  with  the  proposed  role 
of  the  dihydrodiols  as  intermediates  in  the  metabolic  activation  of  DMBA.  The 
possible  role  of  hydroxymethyl  dihydrodiols  in  the  in  vivo  metabolic  activation 
of  DMBA  in  mouse  skin  was  also  studied.  The  hydrocarbon  nucleic  acid  products 
formed  following  treatment  with  DMBA  are  not  the  same  as  those  formed  following 
treatment  of  mouse  skin  under  the  same  conditions  with  either  7-hydroxymethyl- 
DMBA  or  12-hydroxymethyl-DMBA.  The  level  of  covalent  binding  of  hydrocarbon 
to  DNA  is  considerably  lower  when  either  the  7-hydroxymethyl  or  the  12-hydroxy- 
methyl  derivatives  are  administered  in  comparison  with  the  levels  of  binding 
obtained  with  DMBA. 

The  abilities  of  the  racemic  trans-3,4-,  5,6-  and  8,9-dihydrodiols  of  DMBA  to 
initiate  skin  tumors  in  mice  were  determined  by  using  a  two-stage  system  of 
tumorigenesis  (Slaga  et  a]_. ,  1979).  The  DMBA  trans-3,4-dihydrodiol  was  found 
to  be  more  active  as  a  tumor  initiator  than  the  parent  hydrocarbon.  The 
trans-5,6  and  8,9-dihydrodiols  of  DMBA  were  essentially  inactive  as  skin  tumor 
initiators.  The  results  suggest  that  3,4-dihydrodiol  of  DMBA  is  a  proximal 
carcinogen,  and  that  the  bay  region  diol -epoxide  may  be  the  ultimate 
carcinogenic  form  of  DMBA.  This  is  in  agreement  with  the  general  theory 
which  predicts  that  diol -epoxides  in  the  bay  region  are  the  principal 
determinates  of  polyaromatic  hydrocarbon  carcinogenicity. 

The  ability  of  both  natural  and  synthetic  retinoids  to  inhibit  two  stage 
mouse  skin  tumorigenesis  continues  to  correlate  with  the  ability  of  these 
compounds  to  specifically  inhibit  the  induction  of  ornithine  decarboxylase 
(ODC),  the  first  and  rate-limiting  enzyme  in  polyamine  biosynthesis  whose 
induction  by  tumor  promoters,  such  as  the  phorbol  esters,  may  be  one  obliga- 
tory event  in  the  promotion  of  skin  carcinogenesis.  Neither  the  induction  of 
increased  soluble  protein  synthesis  nor  the  induction  of  S-adenosylmethionine 
decarboxylase  (SAMDC),  the  second  enzyme  in  polyamine  biosynthesis,  is 
affected  by  retinoids.  Those  retinoids  which  inhibit  tumor  promotion  and  the 
induction  of  ODC  activity  also  inhibit  the  accumulation  of  the  polyamine 
putrescine,  the  product  of  ODC  action,  but  not  the  levels  of  spermidine  and 
spermine  which  depend  upon  the  action  of  SAMDC.  The  roles  of  various  reti- 
noids, putrescine  and  the  adenyl  cyclase  system  in  epidermal  differentiation 
continue  to  be  investigated  in  these  basic  studies  of  chemoprevention  and 
skin  carcinogenesis.  (Boutwell  and  Verma,  1979)  and  (Verma  et_  al. ,  1979). 
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An  important  consideration  in  the  inhibition  of  carcinogenesis  is  the  time 
relation  between  exposure  to  initiating  or  promoting  agent  and  the  adminis- 
tration of  the  chemopreventive  compound.  Some  compounds  appear  to  be  solely 
anti-initiation  agents  while  others  appear  from  the  data  available  thus  far, 
to  be  primarily  anti -promotion  agents.  A  recent  study  (Borek  et^  al_. ,  1979), 
reports  on  the  conditions  necessary  to  inhibit  X-ray-induced  neoplastic 
transformation  in  culture  by  use  of  the  protease  inhibitor  antipain.  Protease 
inhibitors  have  been  shown  to  inhibit  tumorigenesis  in  skin,  colon,  esophagus 
and  mammary  gland,  and  to  suppress  both  radiation-induced  and  chemical - 
carcinogen-induced  transformation  in  culture.  In  this  study  (Borek  et  al . , 
1979),  striking  differences  were  found  in  transformation  frequencies  of 
either  mouse  C3H  lOT-1/2  cells  or  normal  hamster  embryo  cells  depending  on 
whether  antipain  treatment  preceded  or  followed  X-irradiation.  Transformation 
frequency  in  both  cell  systems  was  actually  enhanced  by  prior  treatment  but 
inhibited  by  post-treatment  with  the  inhibitor.  These  two  diametrically 
opposed  effects  of  antipain  have  been  interpreted  as  suggesting  more  than 
one  mechanism  of  action  for  the  protease  inhibitor  in  the  regulation  of  events 
involved  in  the  fixation  and  expression  of  cell  transformation  by  X-irradiation. 
Some  of  these  regulatory  events  may  be  involved  in  the  modification  of  DNA 
repair. 

Butylated  hydroxyanisole  (BHA)  is  one  of  the  most  versatile  chemopreventive 
agents  known.  This  compound  inhibits  neoplasia  at  many  organ  sites  induced 
by  almost  every  category  of  chemical  carcinogen  (Wattenberg,  1978,  1979). 
Previous  studies  have  indicated  that  an  important  mechanism  of  this  inhibition 
in  the  case  of  ben2o(a)pyrene  (BP)  carcinogenesis  may  be  the  capacity  of  this 
compound  to  cause  enhanced  detoxification  by  alteration  of  the  microsomal  mixed 
function  oxidase  system.  Recent  investigations  have  now  shown  that  BHA 
increases  the  activities  of  two  major  conjugating  systems  of  drug  detoxifica- 
tion, cytosolic  glutathione-S-transferase  activity  and  microsomal  glucuronyl 
transferase  (Benson  e^  al- ,  1978,  1979)  and  (Cha  and  Bueding,  1979).  Further, 
BHA  administration  produces  a  rise  in  the  levels  of  acid-soluble  sulfhydryl 
compounds,  reduces  the  levels  of  urinary  mutagenic  BP  metabolites,  and 
reduces  the  mutagenic  activities  of  BP  in  a  host-mediated  assay  using  Ames 
tester  strains  sensitive  to  base-pair  substitutions  and  frame-shift  mutations 
(Batzinger  et_  aj_.  ,  1978).  Liver  microsomal  epoxide  hydratase  activity  is  also 
markedly  enhanced  (Cha  et_  al_. ,  1978).  Altogether,  these  studies  have  demon- 
strated that  BHA  increases  the  activities  of  5  hepatic  microsomal  enzymes 
(epoxide  hydratase,  aniline  hydroxylase,  NADH-and  NADPH-cytochrome  c  reductases, 
cytochrome  b^  and  UDP-glucuronyltransferase) ,  at  least  three  hepatic  cytoplasmic 
enzymes  (glutathione-S-transferases,  glucose-6-phosphate  dehydrogenase  and 
UDP-glucose  dehydrogenase),  as  well  as  elevated  transferase  and  hydratase 
levels  in  several  extrahepatic  tissues. 

The  dramatic  recent  increase  in  knowledge  of  the  metabolism  of  benzo(a)pyrene 
to  mutagenic  and  carcinogenic  metabolites  has  been  employed  to  further  inves- 
tigate the  mechanism  of  inhibition  of  BP  carcinogenesis  by  BHA.  In  this 
investigation,  the  effect  of  BHA  on  both  BP  and  (+)-trans-7,8-dihydroxy-7,8- 
dihydrobenzo(a)pyrene-induced  neoplasia  was  studied  following  intragastric 
intubation  of  these  compounds.  Butylated  hydroxyanisole  was  found  to  inhibit 
both  BP-induced  neoplasia  of  the  forestomach  as  well  as  BP  7,8-dihydrodiol- 
induced  neoplasia  of  the  forestomach,  lungs,  and  lymphoid  tissues.  Based  on 
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current  data  that  BP  7,8-dihydrodiol  is  a  proximate  carcinogen  and  BP  7,8- 
diol-9,10-epoxide  is  an  ultimate  carcinogen,  these  results  suggest  that  at 
least  one  mechanism  for  the  inhibitory  effect  of  BHA  on  BP  carcinogenesis 
involves  events  which  occur  subsequent  to  the  formation  of  BP  7,8-dihydrodiol 
(Wattenberg  et  al- ,  1979). 

2,3,7,8-Tetrachlorodibenzo-p-dioxin  (TCDD),  an  extremely  toxic  contaminant 
formed  during  the  synthesis  of  the  herbicide  2,4,5-trichlorophenoxyacetic  acid, 
has  been  found  to  be  a  very  potent  inducer  of  both  hepatic  and  extrahepatic 
microsomal  mixed-function  oxidase  activity.  In  a  recent  study,  it  was  found 
that  a  non-toxic  dose  of  TCDD  is  a  potent  inhibitor  of  skin  tumor  initiation 
by  both  DMBA  and  benzo(a)pyrene  (BP)  in  a  mouse  skin  (Cohen  et_  al_. ,  1979). 
This  inhibition  of  tumorigenesis  correlates  with  the  decreased  in  vivo  binding 
of  DMBA  to  DNA,  but  not  with  a  marked  increase  in  in  vivo  binding  of  BP  to  DNA 
following  TCDD  administration.  However,  the  hydrocarbon-deoxyribonucleoside 
adducts  from  DNA  of  TCDD  pretreated  mice  showed  a  striking  absence  of  BP  7,8- 
dihydrodiol-9,10-epoxide  adduct  bound  to  guanine.  There  the  qualitative 
nature  of  the  adducts  formed  between  metabolically  activated  BP  and  DNA  would 
appear  to  be  of  major  significance  in  tumor  initiation  and  may  serve  to 
clarify  differences  in  susceptibility  between  different  species,  tissues,  and 
cells. 

The  search  for  inhibitors  that  block  the  formation  of  N-nitrosamines  from 
its  precursors,  nitrite,  and  amines,  which  are  readily  available  in  the 
environment  and  in  food  products,  has  been  of  interest.  Ascorbic  acid  (vita- 
min C)  has  received  considerable  attention  because  of  its  suggested  role  in 
cancer  prevention.  It  has  also  been  implicated  as  a  possible  inhibitor  of 
nitrosamine  formation,  having  been  shown  to  inhibit  formation  of  many  nitrosa- 
mines,  including  dimethylnitrosamine,  methylnitrosourea,  nitrosomorpholine 
and  mononitrosopiperazine.  However,  it  is  not  completely  effective  in  block- 
ing formation  of  N-methyl-N-nitrosoaniline.  The  reaction  of  nitrite  ion  with 
ascorbic  acid  and  its  effect  on  the  rate  of  nitrosation  of  secondary  amines 
has  been  investigated  by  differential  pulse  polarography  in  aqueous  acid 
solution  (Chang  et^  al_. ,  1979).  Ascorbic  acid  does  not  show  uniform  behavior. 
It  accelerates  the  nitrosation  of  N-methyl aniline  between  pH  1.00  and  pH  1.95. 
It  allows  nitrosation  of  diphenylamine  and  iminodiacetonitrile,  but  inhibits 
nitrosation  of  secondary  amines  such  as  dimethyl  amine,  diethyl  amine,  proline, 
hydroxyproline,  N-methylaminoacetonitrile,  N-methylaminopropionitrile,  and 
sarcosine.  The  nitrosating  agent  generated  by  the  reaction  between  ascorbic 
acid  and  nitrite  ion  appears  to  be  oxyhyponi trite.  Since  nitrosamines  have 
the  ability  to  transnitrosate  under  appropriate  conditions,  the  addition  of 
ascorbic  acid  to  a  commercial  product  containing  a  variety  of  unknown  amines 
may  not  have  the  desired  effect.  Ascorbic  acid  might  slow  down  the  formation 
of  some  nitrosamines,  but  in  contrast,  it  might  accelerate  formation  of  others 
which,  although  less  potent  carcinogens,  might  generate  more  potent  ones  by 
transnitrosation. 

Human  exposure  to  benzo(a)pyrene  (BP)  is  ubiquitous  and  is  appreciable  in 
cigarette  smoke,  in  heavily  polluted  air,  in  drinking  water,  and  in  smoked 
foods.  Exposures  are  particularly  high  for  coke  oven  workers,  gas  works 
operators,  and  asphalters  whose  occupations  have  been  associated  with  increased 
cancer  risk.  Thus,  the  elucidation  of  the  specificity  of  BP  metabolism  is  of 
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more  than  academic  interest.  Likewise,  the  development  of  new,  specific,  and 
sensitive  techniques  to  study  the  interaction  of  BP  with  DNA  is  important  both 
to  continue  studies  at  the  molecular  level  and  to  detect  DNA-bound  BP  in 
experimental  models  or  in  exposed  individuals.  In  collaboration  with 
Drs.  M.C.  Poirier  and  S.H.  Yuspa,  the  investigators'  laboratory  developed  a 
radioimmunoassay  (RIA)  for  detection  of  the  C-8  guanine  adduct  of  the  carcinogen 
2-acetylaminofluorene.  The  antibody  was  specific  for  the  adduct,  recognizing 
neither  guanine  nor  the  carcinogen  independently,  and  the  RIA  was  able  to 
detect  0.3  pmol  of  adduct  in  DNA.  At  this  level  of  sensitivity,  it  has  been 
possible  to  monitor  the  in  vivo  binding  and  the  removal  of  adducts  by  DNA 
repair  mechanisms.  Such  an  assay  seemed  appropriate  for  performing  similar 
studies  on  BP-modified  DNA.  During  the  past  year  the  investigators  successfully 
developed,  in  collaboration  with  Drs.  Poirier  and  Yuspa,  an  RIA  for  BP-deoxy- 
guanine  adducts  utilizing  antiserum  from  rabbits  immunized  with  BPDE-1  modified 
calf  thymus  DNA.  (Poirier  et_  al.  ,  1980). 

Cell  surface  studies  are  a  special  challenge  in  microscopy  because  the  cell 
surface  is  a  thin,  fragile  and  dynamic  layer  over  the  complex  intracellular 
matrix.  Conventional  transmission  and  scanning  electron  microscopy  in  a  number 
of  laboratories  are  contributing  to  our  knowledge  of  cell  surfaces  and  mem- 
branes, but  it  is  clear  that  new  approaches  are  also  needed.  One  such  approach 
is  photoelectron  microscopy,  which  is  under  development  at  the  University  of 
Oregon.  The  photoelectron  microscope  takes  advantage  of  the  fact  that  each 
molecule  has  a  unique  set  of  ionization  potentials,  and,  hence,  differ  in  their 
willingness  to  emit  electrons  under  the  action  of  ultraviolet  light.  The  elec- 
trons leave  with  low  energies,  which  makes  this  technique  very   sensitive  to 
topography.  The  instrument  is  still  being  developed,  and  its  capabilities  and 
limitations  have  not  yet  been  completely  defined.  Recently,  however,  good 
quality  photoelectron  micrographs  have  been  obtained  of  mouse  3T3  cells  and 
chicken  embryo  fibroblasts.  In  addition,  preliminary  evidence  indicates  that 
many  environmental  carcinogens  such  as  benzo(a)pyrene  have  a  property  that  has 
not  been  previously  exploited  in  other  techniques.  These  aromatic  carcinogens 
are  found  to  have  relatively  low  ionization  potentials,  which  causes  them  to 
show  up  as  bright  areas  against  a  background  of  lipid  in  a  photoelectron  micro- 
scope. This  provides  a  method  of  studying  the  uptake  and  distribution  of  the 
carcinogens  in  the  endoplasmic  reticulum  membrane  where  these  aromatic  hydro- 
carbons are  metabolized  to  their  ultimate  carcinogenic  forms.  Thus,  the 
photoelectron  microscope  appears  to  have  the  potential  to  contribute  to  our 
knowledge  of  early  events  in  carcinogenesis  and  the  subsequent  expression  of 
the  transformed  phenotype  at  the  cell  surface.  (Houle  et_  al_. ,  1979). 

Clofibrate  (ethyl  chlorophenoxyisobutyrate,  Atromid-S)  is  the  most  commonly 
used  hypolipidemic  drug  in  the  United  States  and  Europe.  The  drug,  which  has 
been  given  in  doses  of  1.5  to  2  g  daily  for  periods  of  six  years  or  longer  in 
clinical  trials,  reduces  the  level  of  serum  cholesterol  and  triglycerides  in 
humans  and  in  several  other  species.  In  a  study  using  male  F  344  rats, 
clofibrate  was  fed  in  the  diet  at  a  concentration  of  0.5%  for  72  to  97  weeks. 
By  129  weeks,  10  of  25  rats  had  developed  a  total  of  16  tumors  (Svoboda  and 
Azarnoff,  1979).  These  included  carcinomas  of  the  liver,  stomach,  pancreas, 
bladder,  and  kidney  and  sarcomas  of  the  lung  and  parotid  gland.  No  tumors 
were  present  in  25  controls.  A  number  of  the  tumors  could  be  transplanted  for 
several  generations.  Clofibrate,  like  two  other  hypolipidemic  drugs  that  are 
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carcinogenic,  causes  peroxisome  proliferation.  The  authors  speculate  that 
these  types  of  drugs  may  represent  a  new  class  of  chemical  carcinogens  and 
that  there  may  be  a  relationship  between  peroxisome  proliferation  and  malignant 
transformation. 


REFERENCES 


Batzinger,  R.P.,  Bueding,  E.,  and  Ou,  S.Y.L.:  Antimutagenic  effects  of 
2(3)-tert-butyl-4-hydroxyanisole  and  of  antimicrobial  agents.  Cancer  Res. 
38:  4478-4485,  1978.   (CA  18251) 

Becker,  F.F.  and  Sell  S. :  Differences  in  serum  a-fetoprotein  concentrations 
during  the  carcinogenic  sequences  resulting  from  exposure  to  diethylnitro- 
samine  or  acetyl  ami nofluorene.  Cancer  Res.  39:  1437-1442,  1979.   (CA  20657) 

Benson,  A.M.,  Batzinger,  R.P.,  Bueding,  E.,  Tatalay,  P.,  and  Cha,  Y.N.: 
Elevation  of  hepatic  glutathione  S-transferase  activities  and  protection 
against  mutagenic  metabolites  of  benzo(a)pyrene  by  dietary  antioxidants. 
Cancer  Res.  38:  4486-4495,  1978.   (CA  18251) 

Benson,  A.M.,  Bueding,  E.,  Cha,  Y.N.,  Heine,  H.S.,  and  Talalay,  P.: 
Elevation  of  extrahepatic  glutathione  S-transferase  and  epoxide  hydratase 
activities  by  2(3)-tert-butyl-4-hydroxyanisole.  Cancer  Res.  39:  2971-2977, 
1979.   (CA  18251) 

Borek,  C. ,  Miller,  R. ,  Pain,  C,  and  Troll,  W. :  Conditions  for  inhibiting 
and  enhancing  effects  of  the  protease  inhibitor  antipain  on  X-ray-induced 
neoplastic  transformation  in  hamster  and  mouse  cells.  Proc.  Natl.  Acad. 
Sci.  USA.  76:  1800-1803,  1979.   (CA  16060) 

Boutwell,  R.  and  Verma,  A.:  Effect  of  vitamin  A  and  related  retinoids  on 
the  biochemical  processes  linked  to  carcinogenesis.  Pure  and  Appl .  Chem. 
51:  857-866,  1979.   (CA  22484) 

Cha,  Y.N.  and  Bueding,  E.:  Effect  of  2(3)-tert-butyl-4-hydroxyanisole 
administration  of  the  activities  of  several  hepatic  microsomal  and  cytoplasmic 
enzymes  in  mice.  Biochem.  Pharmacol.  28:  1917-1921,  1979.  (CA  18251) 

Cha,  Y.N.,  Martz,  F.,  and  Bueding,  E.:  Enhancement  of  liver  microsome  epoxide 
hydratase  activity  in  rodents  by  treatment  with  2(3)-tert-butyl-4-hydroxy- 
anisole.  Cancer  Res.  38:  4496-4498,  1978.   (CA  18251) 

Chang,  S.,  Harrington,  G.W. ,  Rothstein,  M. ,  Shergalis,  W.A.,  Swern,  D.,  and 
Vohra,  S.K. :  Accelerating  effect  of  ascorbic  acid  on  N-nitrosamine  forma- 
tion and  nitrosation  by  oxyhyponi trite.  Cancer  Res.  39:  3871-3874,  1979 
(CA  18618) 


1437 


Cohen,  G.M.  ,  Bracken,  W.M.  ,  Iyer,  R.P.,  Berry,  D.L.,  Selkirk,  J.K.,  and 
Slaga,  T.J.:  Anticarcinogenic  effects  of  2,3,7,8-tetrachlorodibenzo-p- 
dioxin  on  benzo(a)pyrene  and  7 ,12 ,-dimethylbenz(a)anthracene  tumor  initia- 
tion and  its  relationship  to  DNA  binding.  Cancer  Res.  39:  4027-4033,  1979 
(CA  20076) 

Gehly,  E.B.,  Fahl  ,  W.E.,  Jefcoate,  C.R.,  Heidelberger,  C:  The  metabolism 
of  benzo(a)py»"ene  by  cytochrome  P-450  in  transformable  and  nontransformable 
C3H  mouse  fibroblasts.  Biol.  Chem.  254:  5041-5048,  1979.   (CA  16265) 

Getz,  M.J.,  Elder,  P.K.,  and  Moses,  H.L.:  Complexity  and  abundance  of  murine 
leukemia  virus-related  nuclear  and  messenger  RNA  sequences  in  mouse  embryo 
cell  lines  which  are  differentially  sensitive  to  carcinogen-induced  virus 
activation.  Cancer  Res.  39:  321-327,  1979.   (CA  16816) 

Hecht,  S.S.,  Rivenson,  A.,  and  Hoffmann,  D.:  A  study  of  chemical  carcino- 
genesis 24.  Tumor-initiating  activity  of  dihydrodiols  formed  metabolically 
from  5-methylchrysene.  Cancer  Res.  40:  1980.   (In  press).   (CA  12376) 

Hirota,  N.  and  Willisms,  G.M. :  Persistence  and  growth  of  rat  liver  neo- 
plastic nodules  following  cessation  of  carcinogen  exposure.  JNCI.  63: 
1257-1265,  1979.   (CA  12376) 

Houle,  W.A.,  Brown,  H.M.,  and  Griffith,  O.H.  :  Photoelectric  properties  and 
dectection  of  the  aromatic  carcinogens  benzo[a]pyrene  and  dimethylbenzan- 
thracene.  Proc.  Natl.  Acad.  Sci.  USA.  76:  4180-4184,  1979.   (CA  11695) 

Lapeyre,  J.  and  Becker,  F.F.:  5-methylcytosine  content  of  nuclear  DNA  during 
chemical  hepatocarcinogenesis  and  in  carcinomas  which  result.  Biochem. 
Biophys.  Res.  Comm.  87:  698-705,  1979.   (CA  20657) 

Liau,  M.C.,  Chang,  D.F.,  and  Becker,  F.F.:  Alteration  of  S-Adenosylmethio- 
nine  synthetases  during  chemical  hepatocarcinogenesis  and  in  resulting 
carcinomas.  Cancer  Res.  39:  2113-2119,  1979.   (CA  20657) 

MacNicall,  A.D.,  Burden,  P.M.,  Ribeiro,  0.,  Hewer,  A.,  Grover,  P.L.,  and 
Sims,  P.:  The  formation  of  dihydrodiols  by  the  chemical  or  enzymic  oxidation 
of  7-hydroxymethyl-12-methylbenz(a)anthracene  and  the  possible  role  of 
hydroxymethyl  dihydrodiols  in  the  metabolic  activation  of  7, 12 -dimethyl - 
benz(a)anthracene.  Chem.  Biol.  26:  121-132,  1979.   (CA  21959) 

Miller,  J. A.,  Swanson,  A.B.,  and  Miller,  E.C.:  The  Metabolic  Activation  of 
Safrole  and  Related  Naturally  Occurring  Alkenyl benzenes  in  Relation  to 
Carcinogenesis  by  these  Agents.  In  Miller,  E.C.  et  al  (Eds.):  Naturally 
Occurring  Carcinogens  -  Mutagens  and  Modulators  of  Carcinogenesis.  Tokyo, 
Japan  Scientific  Society  Press,  and  Baltimore,  University  Park  Press,  1979, 
pp.  111-125.   (CA  22484) 

Moore,  M.  ,  Drinkwater,  N.,  Miller,  E.C,  and  Miller,  J. A.  Manuscript 
submitted.   (CA  22484) 


1438 


Norman,  R.L.,  Muller-Eberhard,  U.,  and  Johnson,  E.F.:  The  role  of  cytochrome 
P-450  forms  in  2-aminoanthracene  and  benz(a)pyrene  mutagenesis.  Biochem. 
Biophys.  Res.  Comm.  89:  195-201,  1979.   (CA  24146) 

iNovikoff,  A.B.,  Novikoff,  P.M.,  Stockert,  R.J.,  Becker,  F.F.,  Yam,  A., 
Poruchynsky,  M.S.,  Levin,  W. ,  and  Thomas,  P.E.:  Immunocytochemical  localiza- 
tion of  epoxide  hydrase  in  hyperplastic  nodules  induced  in  rat  liver  by 
2-acetylaminofluorene.  Proc.  Natl.  Acad.  Sci.  USA.  76:  5207-5211,  1979 
(CA  20659) 

Patell,  N.T.,  Poise,  D.S.  and  Holoubek,  V.:  Release  of  repetitive  nuclear 
RCA  into  the  cytoplasm  in  liver  of  rats  fed  3' -methyl -4-dimethylaminoazoben- 
zene.  Cancer  Res.  39:  4460-4465,  1979.   (CA  22559) 

Pitot,  H.C.:  Drugs  as  Promoters  of  Carcinogenesis.  In  Estabrook,  R.W.  and 
Lindenlaub,  E.  (eds.):  The  Induction  of  Drug  Metabolism.  Stuttgard/New  York, 
F.K.  Schattauer  Verlag,  1979,  pp.  471-483.   (CA  22484) 

Poirier,  M.C.,  Santella,  R.S.,  Weinstein,  I.B.,  Grunberger,  D.,  and 
Yuspa,  S.  H.:  Quantitation  of  benzo(a)pyrene-deoxyguanosine  adducts  by 
radioimmunoassay.  Cancer  Res. 40:  412-416,  1980.  (CA  21111) 

Pulkrabek,  P.,  Leffler,  S.,  Grunberger,  D.,  and  Weinstein,  I.B.:  Modification 
of  DNA  by  a  diol  epoxide  of  benzo(a)pyrene:  relation  to  DNA  structure  and 
conformation,  and  effects  on  transfectional  activity.  Biochemistry.  18: 
5128-5134,  1979.   (CA  21111) 

Shen,  A.  L.,  Fahl ,  W.E.,  Wrighton,  S.A.,  and  Jeffcoate,  C.R.:  Inhibition  of 
benzo(a)pyrene  and  benzo(a)pyrene  7,8-dihydrodiol  metabolism  by  benzo(a)pyrene 
quinones.  Cancer  Res.  39:  4123-4129,  1979.   (CA  16265) 

Slaga,  R.J.,  Gleason,  G.L.,  DiGiovanni,  J.,  Sukumaran,  D.B.,  and  Harvey,  R.G.: 
Potent  tumor-initiating  activity  of  the  3,4-dihydrodiol  of  7,12-dimethylbenz 
(a)anthracene  in  mouse  skin.  Cancer  Res.  39:  1934-1936,  1979.  (CA  11968, 
CA  20076) 

Svoboda,  D.J.  and  Azarnoff,  D.L.:  Tumors  in  male  rats  fed  ethyl  chlorophen- 
oxyisobutyrate,  a  hypolipidemic  drug.  Cancer  Res.  39:  3419-3428,  1979. 
(CA  05680) 

Tsuda,  H.  and  Farber,  E.:  Resistant  hepatocytes  as  early  changes  in  liver 
induced  by  polycyclic  aromatic  hydrocarbons.  Int.  J.  Cancer.  25:  137-139 
1980.  (CA  25094) 

Verma,  A.,  Shapas,  B. ,  Rice,  H.,  and  Boutwell,  R.:  Correlation  of  the  inhibi- 
tion of  retinoids  of  tumor  promoter-induced  mouse  epidermal  ornithine  decar- 
boxylase activity  and  of  skin  tumor  promotion.  Cancer  Res.  39:  419-425, 
1979.  (CA  22484) 

Wattenberg,  L.:  Inhibition  of  chemical  carcinogenesis.  J.  Natl .  Cancer  Inst. 
60:  11-18,  1978.  (CA  14146,  CA  09599) 


1439 


Wattenberg,  L.:   Inhibitors  of  Carcinogenesis.   In  Griffin,  A.C.  and  || 

Shaw,  C.R.  (Eds.):  Carcinogens:   Identification  and  Mechanisms  of  Action.        ^ 
New  York,  Raven  Press,  1979,  pp.  299-316.   (CA  14146,  CA  09599) 

Wattenberg,  L. ,  Jerina,  D.,  Lam,  L.,  and  Haruhiko,  Y.:  Neoplastic  effects  of 
oral  administration  of  (±)-trans-7 ,8-dihydroxy-7,8-dihydrobenzo(a)pyrene  and 
their  inhibition  by  butylated  hydroxyanisole.  J.  Natl .  Cancer  Inst.  62: 
1103-1106,  1979.   (CA  14146) 


1440 


SUMMARY  REPORT 
CARCINOGENESIS  MECHANISMS 

Included  under  Carcinogenesis  Mechanisms  are  activities  relating  to  metabolism, 
toxicity  and  physiological  disposition  of  carcinogens  and  their  metabolites, 
mechanisms  of  action,  identification  of  proximate  and  ultimate  carcinogen  forms 
and  carcinogen-mutagen  relationships.  Most  of  the  activities  at  the  present 
time  address  the  metabolism  and  physiological  disposition  of  carcinogens  and 
their  metabolites.  In  addition,  some  work  is  being  supported  on  the  effect 
of  low  dose  radiation  on  mammary  carcinogenesis  in  estrogenized  rats,  and  on 
the  role  of  hormones  in  the  carcinogenic  process.  Since  most  of  the  contracts 
support  research  on  mechanisms  of  carcinogenesis  in  a  specific  organ,  the 
discussion  which  follows  is  organized  by  organ  site. 

Colon:  Four  contractors  are  conducting  studies  on  the  capacity  of  colon 
mucosal  cells  to  metabolize  chemical  carcinogens  of  various  types  as  a  first 
step  in  the  analysis  of  the  contribution  of  chemical  carcinogens  in  the  eti- 
ology of  human  colon  cancer.  Researchers  at  Sloan  Kettering  Institute  for 
Cancer  Research  (NOl-CP-75951)  have  found  that  colonic  mucosal  homogenates 
from  mice  and  from  humans  can  metabolize  benzpyrene.  They  also  found  that 
dimethyl nitrosamine  can  be  metabolized  by  colonic  microsomes.  In  vitro 
studies  with  Candida  albicans,  an  organism  that  can  occur  in  the  lower  gastro- 
intestinal tract,  indicate  that  it  can  cause  formation  of  benzylmethyl  nitro- 
samine from  precursors  benzylmethyl amine  and  nitrite.  Studies  directed 
towards  the  elucidation  of  the  role  of  alcohol  dehydrogenase  in  the  metabolism 
of  methylazoxymethanol  in  the  liver  and  colonic  mucosa  of  rats  and  guinea  pigs 
are  continuing  at  American  Health  Foundation  (NOl-CP-75948).  The  alcohol 
dehydrogenase  activity  of  various  organs  in  rodent  species  were  examined  by 
histochemical  methods.  If  the  enzyme  was  involved  in  the  activation  of  the 
carcinogen,  the  investigators  thought  that  sensitive  tissues  might  contain  a 
different  form  of  the  enzyme  that  could  be  characterized  by  a  uniquely  high 
affinity  to  methyl azoxymethane  in  contrast  to  non-sensitive  tissues.  Indeed, 
they  did  find  an  anodal  band  staining  for  alcohol  dehydrogenase  in  gel  electro- 
phoretic  separations  of  isozymes  from  guinea  pig  tissues  and  mouse  tissues 
sensitive  to  methylazoxymethanol.  Insensitive  tissues  do  not  appear  to 
contain  this  band.  Another  investigator  at  Sloan  Kettering  Institute  for 
Cancer  Research  (N01-CP-75950)  is  continuing  studies  on  5-phosphoribosyl-l- 
pyrophosphate  synthetase.  Prolonged  treatment  of  animals  with  dimethyl - 
hydrazine  or  methyl azoxymethenol  led  to  increased  specific  activity  of  the 
enzyme  found  in  colonic  mucosa.  The  enzyme  isolated  appears  to  be  larger  in 
size  than  the  enzyme  found  in  normal  tissue.  At  the  New  York  Medical  College 
(NOl-CP-75949)  it  was  found  that  colonic  anaerobic  bacteria  possess  enzymes 
capable  of  activating  nitro  containing  chemicals  to  mutagens.  Bicyclic  nitro 
compounds  are  primarily  base  substitution  mutagens  while  polycylic  nitro 
compounds  act  primarily  as  frameshift  mutagens.  In  another  project,  at 
Memorial  Hospital  for  Cancer  and  Allied  Diseases  (NOl-CP-43366) ,  epithelial 
cells  cultured  from  classes  of  adenomas  with  differing  malignant  potential 
were  found  to  exhibit  some  heterogeneity  in  morphology,  substrate  require- 
ments and  antigen  expression. 
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Respiratory  System:  Studies  on  the  development  of  neoplasia  in  respiratory 
epithelium  are  continuing  at  the  Department  of  Energy/Oak  Ridge  National 
Laboratory.  One  (YOl-CP-90207)  is  continuing  to  develop  and  validate  the 
tracheal  organ  culture-cell  culture  model  system  in  order  to  define  and 
quantitate  cellular  changes  that  would  identify  preneoplastic  stages  of  car- 
cinogenesis. The  other,  (NOl-CP-90211)  is  continuing  to  develop  and  validate 
another  in  vitro  technique  referred  to  as  the  EF-assay  for  studying  neoplastic 
development  in  tracheal  epithelium. 

At  the  University  of  Minnesota  (NOl-CP-33364)  the  effects  of  addition  to  the 
diet  of  phenols  of  various  chemical  structures  and  related  compounds  on 
benzpyrene  induced  pulmonary  neoplasia  were  studied.  Thus  far,  no  phenols 
studied  have  been  more  effective  than  the  major  isomers  of  butylated  hydroxy- 
anisole  (BHA).  It  was  found  that  when  BHA  was  administered  by  oral  intuba- 
tion four  hours  prior  to  sacrifice,  the  microsomal  metabolism  of  benzpyrene 
was  altered  as  determined  by  high  pressure  liquid  chromatography.  Metabo- 
lites in  the  polar  region  were  diminished  by  40%.  This  is  of  considerable 
interest  because  the  polar  region  contains  metabolites  of  benzpyrene  diols. 

Mammary  Gland:  The  influence  of  repeated  low  dose  irradiation  on  mammary 
gland  carcinogenesis  in  estrogenized  rats  is  being  studied  by  two  contrac- 
tors, Department  of  Energy/Brookhaven  National  Laboratory  (YOl-CP-60219)  and 
Alton  Ochsner  Medical  Foundation  (NOl-CP-65764) .   It  appears  that  in  these 
model  systems  a  threshold  level  of  estrogen  administration  and  of  radiation  is 
required  for  the  synergism  to  be  evident.  Preliminary  examination  of  the 
data,  where  all  the  animals  have  been  followed  for  their  life  span,  indicates 
that  excess  tumors  appear  at  a  lower  amount  of  radiation  over  a  given  period 
of  time  when  the  dose  is  fractionated  than  when  given  as  a  single  dose. 

Endocrine  Factors  in  Carcinogenesis:  Animal  models  for  perinatal  hormone- 
medicated  carcinogenesis  have  been  developed  at  the  Aichi  Cancer  Research 
Institute  (NOl-CP-55650) .  These  models  provide  a  means  of  studying  possible 
long-term  effects  in  both  sexes  of  perinatal  human  exposure  to  diethylstil- 
besterol  and  other  steroids. 

Metabolism  Studies:  Metabolism  of  six  carcinogens  is  being  studied  at 
Southern  Research  Institute  (NOl-CP-55721) .  Examples  of  studies  performed 
includes  elucidation  of  metabolic  pathways,  identification  of  metabolites, 
and  macromolecular  binding. 


1442 


CARCINOGENESIS  MECHANISMS  CONTRACTS 


INSTITUTION 
CONTRACT  NUMBER 


TITLE 


PAGE 


AICHI  CANCER  CENTER  RESEARCH 

INSTITUTE 

(NOl-CP-55650) 

ALTON  OCHSNER  MEDICAL  FOUNDATION 
(NOl-CP-65764) 


AMERICAN  HEALTH  FOUNDATION 
(NOl-CP-75948) 

AMERICAN  HEALTH  FOUNDATION 
(N01-CP-95604) 
(Formerly  NOl-CP-33208) 

COLORADO,  UNIVERSITY  OF 
(NOl-CP-75875) 


DEPARTMENT  OF  ENERGY 
BROOKHAVEN  NATIONAL  LABORATORY 
(YOl-CP-60219) 


DEPARTMENT  OF  ENERGY 

OAK  RIDGE  NATIONAL  LABORATORY 

(Y01-CP-90207) 

(Formerly  YOl-CP-50200) 

DEPARTMENT  OF  ENERGY 

OAK  RIDGE  NATIONAL  LABORATORY 

(Y01-CP-902n) 

(Formerly  YOl-CP-50200) 

HARVARD  COLLEGE 
(NOl-CP-33273) 


MEMORIAL  HOSPITAL  FOR  CANCER 
AND  ALLIED  DISEASES 
(NOl-CP-43366) 


Induced  Perinatal  Alterations       '^^^ 
and  Their  Influence  on  Car- 
cinogenesis 

Study  of  the  Influence  of  1447 

Repeated  Low  Dose  Irradiation 
on  Mammary  Gland  Carcinogenesis 
in  Estrogenized  Rats 

Studies  of  Metabolic  Capacity       1449 
in  Intestinal  Mucosa 

Studies  in  Colon  Carcinogenesis     1451 


Tissue  Interactions  in  Induction     1452 
and  Perpetuation  of  Hormonal ly- 
induced  Permanent  Cellular 
Alterations 

Influence  of  Repeated  Low  Dose      1453 
Irradiation  on  Mammary 
Gland  Carcinogenesis  in 
Estrogenized  Rats 

Respiratory  Carcinogenesis-        1454 
Markers  of  Neoplastic  Develop- 
ment in  the  Respiratory  System 


Respiratory  Carcinogenesis  Dy-      1455 
namics  of  Neoplastic  Development 
in  the  Respiratory  System 


The  Study  of  Respiratory  1457 

Carcinogenesis  by  Alpha 
Radiation  and  Chemical 
Carcinogens 

Analysis  of  Cell  Proliferation      1458 
in  Familial  Polyposis 


1443 


INSTITUTION 
CONTRACT  NUMBER 


TITLE 


PAGE 


MINNESOTA,  UNIVERSITY  OF 
(NOl-CP-33364) 


MINNESOTA,  UNIVERSITY  OF 
(N01-CP-55702) 


NEW  YORK  MEDICAL  COLLEGE 
(NOl-CP-75949) 

SLOAN-KETTERING  INSTITUTE 
FOR  CANCER  RESEARCH 
(NOl-CP-75950) 

SLOAN-KETTERING  INSTITUTE 
FOR  CANCER  RESEARCH 
(NOl-CP-75951) 

SOUTHERN  RESEARCH  INSTITUTE 
(NOl-CP-55721) 

SOUTHWEST  FOUNDATION  FOR 
RESEARCH  AND  EDUCATION 
(NOl-CP-33379) 

STOCKHOLM,  UNIVERSITY  OF 
(N01-CP-33363) 


VIRGINIA  POLYTECHNIC  INSTITUTE 
AND  STATE  UNIVERSITY 
(NOl-CP-55685) 


Studies  on  Polycyclic  Hydrocarbon   1460 

Metabolism  in  the  Respiratory 

Tract 

A  Study  of  the  Rhythmometry  on      1451 
Japanese  and  North  American 
Female  Volunteers  of  Different 
Age  Groups 

Studies  of  Metabolic  Capacity      1453 
in  Intestinal  Mucosa 

Studies  of  Metabolic  Capacity      1455 
in  Intestinal  Mucosa 


Studies  of  Metabolic  Capacity      1457 
in  Intestinal  Mucosa 


Metabolism  of  Carcinogenic         1469 
Compounds 

Study  of  Hormonal  Factors  of       1471 
the  Human  and  Animal  Prostate 


Study  of  Polycyclic  Hydrocarbon     1473 

Metabolism  in  the  Respiratory 

Tract 

Relationship  of  Fecal  Neutral       1475 

Sterols  to  Large  Bowel  Cancer 

Risk 


1444 


CONTRACT  NARRATIVES 
CARCINOGENESIS  MECHANISMS 

AICHI  CANCER  CENTER  RESEARCH  INSTITUTE  (NOl-CP-55650) 

Title:  Induced  Perinatal  Alterations  and  Their  Influence  on  Carcinogenesis 

Contractor's  Project  Director:  Dr.  Yasuaki  Nishizuka 

Project  Officer  (NCI):  Dr.  Jerry  M.  Rice 

Objectives: 

1.  To  study  the  nature  of  permanent  alterations  of  the  vagina  in  mice  and 
the  coagulating  gland  in  rats  resulting  from  perinatal  exposure  to  steroid 
hormones,  and  their  relation  to  subsequent  tumor  development. 

2.  To  study  the  genesis  of  ovarian  lesions  and  ovarian  tumors  in  mice 
resulting  from  neonatal  thymectomy. 

Major  Findings : 

1.  Experiments  have  been  carried  out  to  investigate  the  effect  of  neonatal 
diethylstilbesterol  (DES)  treatment  and/or  neonatal  castration  on  4-butyl- 
N-(4-hydroxybutyl)-nitrosamine  (BBN)  induced  bladder  cancers.  Male  Wistar 
rats  were  castrated  or  sham  operated  at  birth,  followed  by  DES  treatment 
for  30  days:  1  pg/day  on  days  1-10,  2  yg  on  days  11-20,  and  4  pg  on  days 
21-30.  From  week  6  to  10  (4  weeks)  BBN  was  given  as  a  0.05%  solution  in 
drinking  water.  Rats  were  observed  for  up  to  40  weeks.  The  incidence  of 
bladder  cancer  development  was  significantly  high  in  neonatal ly  castrated 
male  rats  receiving  DES  and  BBN  (9  of  16).  In  non-castrated  males  DES 
treatment  followed  by  BBN  induced  tumors  in  4  of  13  rats.  Bladder  tumors 
developed  in  4  of  18  rats  given  BBN  alone  and  in  none  (0  of  17)  of  the 
neonatal ly  castrated  males  given  BBN.  The  data  suggest  that  neonatal 
castration  alone  may  suppress  development  of  BBN-induced  bladder  cancer 
and  neonatal  treatment  with  DES  followed  by  BBN  treatment  may  enhance 
bladder  tumor  development. 

2.  Autoimmune  oophoritis  appears  only  in  mice  receiving  thymectomy  at 
critical  neonatal  age.  Gastritis  followed  by  macrocytic  anemia  can  also 
be  induced  by  neonatal  thymectomy.  No  model  of  spontaneous  localized 
autoimmune  disease  has  so  far  been  available  in  BALB/c  mice.  Neonatal 
thymectomy  (nTx)  induces  specific  oophoritis  and  gastritis  in  BALB/C-+/? 
mice,  while  BALB/c-nu/nu  mice  of  the  same  colony  do  not  develop  any  of 
these  diseases.  This  suggests  that  a  certain  type  of  immunological 
deficient  condition  may  be  a  background  for  the  development  of  organ- 
localized  autoimmune  disorders.  To  investigate  this  possibility,  a  series 
of  experiments  with  athymic  nude  mice  has  been  carried  out.  Oophoritis 
was  induced  by  the  injection  of  relatively  low  doses  (10^,  10^)  of  peri- 
pheral lymphoid  cells  from  normal  male  or  neonatally  ovariectomized  female 
mice,  but  not  from  normal  females,  into  4  week-old  females  (40%).  In 
contrast,  normal  peripheral  lymphoid  cells  were  generally  ineffective  in 
inducing  the  gastritis.  Female  and  male  thymus  cells  (10^,  10'^)  were  to 
some  degree  effective  in  inducing  both  diseases  (20-30%).  Spleen  or  lymph 
node  cells  (10'^)  from  nTx-mice  were  more  effective  (70%)  and  transfers  of 
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oophoritis  or  gastritis  by  spleen  cells  (10"^)  from  disease-developing 
nTx-mice  were  successful  to  nude  mice  (100%)  but  not  to  normal  mice.  An 
indirect  immunofluorescence  test  has  shown  that  circulating  antibodies  (IgG) 
are  directed  against  ooplasm  or  zona  pellucida  in  oophoritis  and  to  parietal 
cells  in  gastritis.  These  results  suggest  that  tolerance  is  naturally  es- 
tablished with  both  ovarian  and  stomach  antigens  at  the  level  of  peripheral 
T-cells  in  normal  female  mice  as  a  result  of  interaction  between  peripheral 
T-cells  and  specific  antigens.   In  normal  males,  it  is  not  established  with 
specific  ovarian  antigens  because  of  the  absence  of  that  organ.  What  kind 
of  organ  is  affected  after  neonatal  thymectomy  seems  to  be  dependent  on  the 
genetic  background  of  mice,  but  no  close  relationship  between  the  disease 
pattern  and  the  H-2  type  has  yet  been  proved. 

Plasma  LH,  FSH,  GH ,  and  PRL  levels  were  measured  for  the  first  60  days  of  age 
in  the  neonatal ly  thymectomized  female  (C57BL/6Cr  x  A/JCr)Fl  mice  for  pos- 
sible correlation  with  histological  changes  of  the  ovaries.  The  data  were 
obtained  by  radioimmunoassay.   It  is  certain  that  the  ovarian  changes 
characterized  by  lymphocyte  infiltration  of  the  follicles,  a  decline  in 
oocyte  numbers,  and  hypertrophy  of  the  interstitial  cell  elements  are 
associated  with  reduced  levels  of  circulating  LH,  and  FSH.  However,  it  is 
not  yet  clear  whether  the  relationship  is  only  immunological  or  if  there 
is  an  additional  hormonal  relationship. 

Tumor  development  was  observed  for  24  months  in  neonatal ly  thymectomized 
(nTx)  and  normal  (C3H/HeMs  x  129/J)F1  mice.  Thymectomy  was  performed  at 
3  days  of  age.  Ovarian  (29%,  with  significant  difference  from  the  control 
at  P<0.001),  pituitary  {6%,   P<0.08)  and  lymphoreticular  tumors  (16%,  P<0.05) 
were  observed  with  a  greater  incidence  in  nTx-females  compared  with  normal 
controls.  This  resulted  in  a  significant  increase  in  overall  tumor  inci- 
cence  (99  tumors  in  114  nTx-females  VS  37  tumors  in  71  normal  females, 
P<0.01).  No  apparent  difference  in  overall  tumor  incidence  was  observed 
between  nTx  and  non  Tx  males,  however.  Also,  there  was  no  higher  risk  for 
lung,  liver  and  mammary  tumors  in  males  and  females  after  neonatal  thymectomy. 
The  finding  that  increased  tumor  incidence  was  limited  to  endocrine  and  lym- 
phoreticular tissues  does  not  support  the  concept  of  immune  serveil lance 
of  carcinogenesis,  but  rather  suggests  the  importance  of  tumor-prone  con- 
ditioning of  endocrine  or  immune  systems  as  a  result  of  neonatal  thymectomy. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  animal  models  for  perinatal  hormone-medicated  carcinogenesis  provide 
a  means  of  studying  possible  long-term  effects  in  both  sexes  of  perinatal 
human  exposure  to  DES  and  other  steroids.  The  ovarian  tumor  model  with  Tx 
mice  is  a  unique  system  for  exploration  of  the  correlation  of  immunode- 
ficiency and  subsequent  development  of  autoimmune  diseases  and  neoplasias. 

Proposed  Course:  Histopathology  studies  of  the  bladder  tumors  and  changes 
in  the  reproductive  tracts  of  the  DES  and  BBN-treated  rats  will  be  completed. 
Also,  studies  on  the  analysis  of  subsets  of  T-cell  and  B-cell  populations 
involved  in  the  development  of  autoimmune  oophoritis  after  neonatal  thy- 
mectomy will  be  completed. 
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Date  Contract  Initiated:  March  1,  1975 
Current  Annual  Level  :     0 

ALTON  OCHSNER  MEDICAL  FOUNDATION  (NOl-CP-65764) 

Ti t1 e :  Study  of  the  Influence  of  Repeated  Low  Dose  Irradiation  on  Mammary 
Gland  Carcinogenesis  in  Estrogenized  Rats 

Contractor's  Project  Director:  Dr.  Albert  Segaloff 

Project  Officers  (NCI):  Dr.  Jane  Taylor 

Dr.  Marcia  D.  Litwack 

Objectives :  To  determine  the  carcinogenic  effect  of  repeated  low  dose 
irradiation  on  the  mammary  glands  of  estrogenized  rats. 

Major  Findings:  Experiments  were  designed  to  compare  systematically  the  car- 
cinogenicity of  single  dose  with  fractionated  dose  radiation  in  AxC/Seg  female 
rats.  Forty-eight  hours  before  initial  radiation,  all  rats  were  estrogenized 
with  pellets  containing  either  8.3%  or  25%  of  diethylstilbestrol  (DES)  diluted 
with  cholesterol.  The  radiation  was  varied  with  50  or  150  rads  total  dose. 
Fractionation  was  with  either  5  or  10  rads  per  exposure.  Animals  were  treated 
at  6  weeks  or  18  months.  The  interval  between  the  smaller  doses  of  radiation 
was  1,  2,  or  4  weeks.  The  data  are  incomplete  because  151  animals  are  still 
alive  40  or  more  weeks  after  radiation. 

The  studies  employing  animals  starting  6  weeks  with  25%  DES  pellets  showed 
results  without  radiation  or  with  a  single  dose  of  150r  that  are  congruent 
with  our  previous  publications.  When  these  same  animals  were  given  their 
radiation  to  the  left  mammary  chain  as  lOr  every  4  weeks,  survival  charac- 
teristics were  the  same.  However,  the  animals  developed  fewer  excess  tumors 
on  the  irradiated  side  so  that  the  final  number  of  tumors  per  chain  at  risk 
was  2.86  as  compared  to  5.76  for  the  150r  given  in  a  single  dose.  Only  8 
rats  survived  long  enough  to  receive  150r.  If  one  equates  the  time  to  excess 
tumors  and  the  number  of  rad  weeks,  it  is  seen  that  the  excess  tumors  with 
fractionated  doses  occurred  at  half  as  many  rad  weeks  as  those  in  the  rats 
with  a  single  150r  dose. 

Reducing  the  amount  of  diethylstilbestrol  to  8.3%  resulted  in  non-irradiated 
controls  developing  the  same  number  of  tumors,  but  with  a  longer  latent 
period.  However,  with  a  single  dose  of  150r  the  synergism  was  seen.  Such 
animals  survived  twice  as  long  as  those  with  25%  DES  pellets.  When  the 
radiation  was  given  as  5  or  lOr  per  4  weeks,  synergism  was  not  seen  and  excess 
tumors  were  not  observed  on  the  radiated  side. 

The  total  dose  of  radiation  was  reduced  to  50r  in  rats  with  8.3%  pellets. 
The  fractionated  radiation  was  given  over  10  weeks,  and  groups  of  animals 
were  also  given  50r  at  the  beginning  and  end  of  the  10  weeks.  The  frac- 
tionation was  given  as  5r  per  week  or  lOr  every  other  week  to  a  total  of  50r. 
Six  week  old  rats  given  one  treatment  of  50r  to  the  left  mammary  chain  showed 
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very   modest  synergism  with  only  a  50%  increase  in  the  cancers  on  the  irra- 
diated side.   In  contrast  to  this,  the  50r  delivered  at  10  weeks  showed  no 
evidence  of  synergism.  The  animals  given  fractionated  doses  of  5r  per  week 
or  lOr  every  other  week  also  failed  to  show  synergism. 

The  last  experiment  was  repeated  in  rats  18  months  of  age  since  previous 
studies  had  shown  that  tumors  appeared  earlier  in  older  rats.  The  results 
of  this  study  are  not  complete  since  some  of  the  animals  are  still  alive. 
However,  to  date  there  is  no  evidence  of  any  additional  cancers  appearing  on 
the  irradiated  side. 

The  final  study  employed  6  week  old  rats  implanted  with  25%  DES  pellets,  and 
the  radiation  pattern  of  the  last  two  experiments  above.  The  results  of  this 
study  are  only  preliminary  since  the  majority  of  the  animals  are  alive  at  40 
or  more  weeks  after  the  initiation  of  radiation.  The  group  receiving  50r  at 
the  onset  of  the  radiation  period  are  already  showing  a  significant  trend 
toward  synergism.  The  group  receiving  the  50r  in  a  single  dose  10  weeks 
after  pellet  implantation  are,  of  course,  10  or  more  weeks  behind  the  previous 
group  and  tumors  are  appearing  daily,  but  as  yet  there  is  no  definitely  estab- 
lished trend.  Both  of  the  groups  receiving  5r  every   week  or  lOr  every  other 
week  up  to  50r  are  also  showing  a  trend  toward  synergism. 

It  appears  that  in  this  model  system  there  seems  to  be  a  threshold  level  of 
estrogen  administration  and  of  radiation  for  the  synergism  to  be  manifest. 
Preliminary  examination  of  the  data,  where  all  the  animals  have  been  followed 
for  their  lifespan,  indicates  that  excess  tumors  appear  at  a  lower  amount  of 
radiation  over  a  given  period  of  time  when  the  dose  is  fractionated  than  when 
given  as  a  single  dose. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
One  of  the  major  problems  in  breast  cancer  research  is  the  problem  of  the 
carcinogenic  effect  of  repeated  exposures  to  low  level  radiation.  This  over- 
all study  represents  a  major  effort  to  evaluate  the  carcinogenic  potential 
of  repeated  low  dose,  low  energy  exposure  to  radiation. 

Proposed  Course:  The  contractor  is  in  the  process  of  completing  the  obser- 
vations on  their  studies,  which  includes  the  harvesting  of  tumors,  autopsying 
the  animals  as  indicated,  and  preparing  the  numerous  tumors  and  autopsy 
specimens  for  examination.  In  addition  to  this,  appropriate  manuscripts  are 
being  prepared  for  publication. 

Date  Contract  Initiated:  September  30,  1976 

Current  Annual  Level  :   $64,782 
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AMERICAN  HEALTH  FOUNDATION  (NOl-CP-75948) 
Ti t1 e :  Studies  of  Metabolic  Capacity  in  Intestinal  Mucosa 
Contractor's  Project  Director:  Dr.  Emerich  S.  Fiala 
Project  Officer  (NCI):  Dr.  Marcia  D.  Litwack 

Objectives : 

1.  Determine  using  germfree  and  conventional  rats,  the  metabolic  activity 
of  the  colonic  microflora  to  metabolize  a  wide  variety  of  precarcinogens, 
carcinogens  and  their  metabolites,  like  1,2-dimethylhydrazine,  azoxymethane, 
methyl azoxymethanol ,  3,2'-dimethyl-4-aminobiphenyl  and  3-methyl-2-naphthyl- 
amine  and  the  metabolic  capacity  of  the  small  intestinal  and  colonic  mucosa 
to  metabolize  these  compounds  and  their  metabolites  to  the  proximate  and/or 
ultimate  carcinogens. 

2.  To  incubate  the  radiolabelled  compounds  with  the  colonic  contents,  small 
intestinal  and  colonic  mucosal  fractions  and  isolated  small  intestinal  and 
colonic  loops  from  the  germfree  and  conventional  rats  and  the  metabolic  pro- 
ducts formed  will  be  identified. 

3.  To  investigate  the  metabolic  capacity  of  the  liver  and  kidney  in  the 
germfree  and  conventional  rats  to  metabolize  the  above  precarcinogens  and 
carcinogens  to  ultimate  or  proximate  carcinogens  and  compare  with  the  values 
obtained  from  the  intestinal  and  colonic  mucosa. 

Major  Findings:  The  major  research  effort  under  this  contract  has  been 
focused  on  two  areas;  the  elucidation  of  the  mechanism  of  activation  of 
methyl azoxymethanol  by  rat  liver  and  rat  colon  mucosa,  and  the  elucidation 
of  the  mechanism  of  action  of  the  colon  carcinogen  3,2' -dimethyl-4-aminobi- 
phenyl  through  in  vitro  metabolism  studies. 

The  contractor  has  synthesizes  ^'^C-labeled  methyl  azoxymethanol  as  the  stable 
acetate  ester  (>97%  radiochemical  purity).  An  HPLC  assay  was  developed  to 
determine  the  products  formed  when  methylazoxymethanol  (-^"^C)  is  incubated 
with  either  purified  alcohol  dehydrogenase  or  with  cytosols  obtained  from 
livers  and  intestinal  segments  of  rodents  sensitive  and  nonsensitive  to  the 
carcinogenicity  of  this  compound.  Using  ^H-labeled  NAD  in  these  assays,  it 
was  found  that  cytosols  from  rat  and  guinea  pig  liver  and  rat  colon,  catalyzed 
the  formation  of  an  adduct  of  NAD  (or  NADH?)  and  of  a  moiety  derived  from  the 
methyl azoxymethanol  substrate.  The  adduct  was  formed  in  quantities  equivalent 
to  the  generation  of  ^'^C  methanol  during  the  reaction,  suggesting  that 
methyl azoxyformaldehyde  derived  from  the  oxidation  of  methyl azoxymethanol , 
may  yield  spontaneously  both  a  methyl  carbonium  ion  (reacting  with  water  to 
form  methanol)  and  a  formylating  species  reacting  with  NAD  (or  NADH).  Cyto- 
sols from  guinea  pig  colon  did  not  catalyze  adduct  formation. 

Also  examined  was  the  alcohol  dehydrogenase  activity  of  various  rodent  species 
by  histochemical  methods.  Activity  was  found  in  varying  degrees  in  all  tissues 
examined  irrespective  of  their  susceptibility  to  methyl azoxymethanol  carcino- 
genicity. Thus,  if  this  enzyme  is  involved  in  the  activation  of  the  carcino- 
gen, it  may  be  that  sensitive  tissues  contain  a  different  form  of  the  enzyme, 
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characterized  by  a  unique,  high  affinity  to  methyl azoxymethanol ,  in  contrast 
to  non-sensitive  tissues.  To  examine  this  possibility,  cytosols  of  various 
rodent  tissues  were  examined  by  gel  electrophoresis  for  alcohol  dehydrogenase 
isozymes.  In  the  guinea  pig,  only  the  liver  (sensitive  to  MAM)  contained  an 
anodal  band  staining  for  alcohol  dehydrogenase;  duodenum,  ileum,  colon,  and 
ear  canal,  which  are  insensitive  in  this  species,  did  not.  In  the  rat,  sen- 
sitivity to  MAM  could  be  correlated  with  anodal  bands;  a  unique  pattern  of 
isozymes  was  also  obtained  from  the  colon  mucosae  of  ICR/HA  mice  in  contrast 
to  other  organs  from  this  species. 

3,2'-Diethyl-4-aminobiphenyl  (DMAB)  produces  colon  tumors  in  male  and  female 
rats,  mammary  tumors  in  female  rats,  and  colon  and  bladder  tumors  (among 
others)  in  hamsters.  Methods  have  been  worked  out  for  the  purification  of 
commercially  tritiated  DMAB  and  also  for  the  separation  and  quantitation  of 
its  in  vitro  and  in  vivo  metabolites.  The  metabolites  resulting  from  the 
incubation  of  the  labelled  carcinogen  with  liver  and  colon  S-9  or  microsomal 
fractions  from  induced  and  non-induced  rats  are  now  being  examined. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
DMAB,  as  well  as  methylazoxymethanol  acetate  and  its  chemical  and  metabolic 
precursors  azoxymethane  and  1,2-dimethylhydrazine,  are  widely  used  to  speci- 
fically induce  colon  cancer  in  animals.  The  value  of  such  animal  models  lies 
in  their  potential  to  provide  information  as  to  the  nature  of  biochemical  and 
molecular  changes  leading  to  colon  cancer,  and  also  in  identifying  agents  and 
conditions  which  can  modify  the  carcinogenic  process.  Such  information  can 
ultimately  be  used  to  develop  protocols  for  the  prevention  of  colon  cancer  in 
man.  In  order  to  fully  utilize  these  animal  models,  the  biochemical  trans- 
formations of  these  carcinogens  into  reactive  species  as  well  as  detoxication 
products  needs  to  be  known  in  detail.  Other  studies  by  the  contractor  have 
described  the  biochemical  processes  leading  from  1,2-dimethlhydrazine  through 
azoxymethane  to  methylazoxymethanol  through  in  vivo  experiments.  The  work 
described  here  is  designed  to  provide  information  as  to  the  further  fate  of 
methylazoxymethanol  through  in  vitro  studies.  The  results  obtained  will  hope- 
fully answer  the  questions  of  why  this  chemical  (and  its  precursors)  speci- 
fically induces  cancer  in  the  colon  and  how  this  process,  perhaps  through  the 
use  of  enzyme  inhibitors  or  inducers,  can  be  modified. 

Proposed  Course:  To  obtain  further  insight  as  to  the  relevance  of  alcohol 
dehydrogenase  in  the  organospecificity  of  methylazoxymethanol,  the  nature  of 
the  NAD/NADH  adduct  will  be  determined.  Alcohol  dehydrogenases  from  rat  liver 
and  from  the  colon  mucosa  will  be  purified  and  their  K^^s  toward  methylazoxy- 
methanol as  well  as  other  alcohol  substrates  will  be  compared.  With  respect 
to  DMAB,  having  worked  out  the  methods  for  metabolite  separation,  the  metabolic 
capacities  of  rat  and  hamster  livers  vs  analogous  preparations  from  colons 
for  the  activation  and  detoxication  of  this  carcinogen  will  be  examined. 

Date  Contract  Initiated:   September  30,  1977 

Current  Annual  Level  :   0 
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AMERICAN  HEALTH  FOUNDATION  (NQl-CP-95604)  (Formerly  N01-CP-332Q8) 

Title:  Studies  in  Colon  Carcinogenesis 

Contractor's  Project  Directors:  Dr.  John  H.  Weisburger 

Dr.  Bandaru  S.  Reddy 

Project  Officer  (NCI):  Dr.  Carl  Smith 

Objectives:  Investigations  were  carried  out  in  animal  models  to  study: 

1.  The  modifying  effect  of  dietary  fat  and  intestinal  microflora  in  2',3- 
dimethyl-4-aminobiphenyl  (DMAB)-induced  colon  carcinogenesis. 

2.  The  modifying  effect  of  various  dietary  fibers  and  of  dietary  vitamin  C 

in  1,2-dimethylhydrazine  (DMH),  azoxymethane  (AOM)  or  methyl  nitrosourea  (MNU)- 
induced  colon  carcinogenesis. 

Major  Findings:  In  a  study  of  Vitamin  C  as  a  protective  factor  in  colon  car- 
cinogenesis, it  was  found  that  0.25%  or  1%  ascorbic  acid  in  the  diet  inhibited 
dimethyl hydrazine-induced  colon  carcinogenesis  when  a  limited  amount  of  the 
carcinogen  (ISOmg/kg)  was  given  subcutaneously  as  a  single  dose.  The  protec- 
tive effect  was  not  seen,  however,  when  the  carcinogen  dosage  was  higher. 
Furthermore,  a  protective  effect  was  not  seen  with  the  direct-acting  carcinogen 
N-nitroso-N-methylurea,  which  does  not  require  metabolic  activation.  Thus, 
it  may  be  that  the  action  of  vitamin  C  is  based  on  an  alteration  of  the 
metabolism  of  1,2-dimethylhydrazine  given  in  relatively  low  dosages.  This 
finding  may  be  of  importance  to  the  human  setting.  Indeed,  it  seems  likely 
that  colon  cancer  in  man  is  mediated  by  small  amounts  of  as  yet  unknown  car- 
cinogens, but  where  the  controlling  element  is  promotion  by  bile  acids. 

The  colon  carcinogen  2' ,3-dimethyl-4-aminobiphenyl  induced  fewer  colon  and 
breast  tumors  when  administered  to  male  and  female  germfree  rats  than  compar- 
able conventional  rats.  This  carcinogen  given  to  conventional  rats  on  a 
high  fat  diet  induced  more  colon  cancer  than  on  a  low  fat  diet.  However,  in 
female  rats,  the  breast  tumor  incidence  was  similar  in  germfree  and  in  conven- 
tional rats  on  a  high  or  a  low  fat  regimen.  This  may  be  due  to  the  very  high 
levels  of  carcinogen  that  were  used. 

The  contractor  reported  previously  that  administration  of  15%  wheat  bran  or 
pectin  inhibited  colon  carcinogenesis  in  animals  injected  with  azoxymethane, 
but  that  alfalfa  had  no  effect. 

It  has  now  been  found  that  the  concentration  of  neutral  sterols  and  bile  acids 
in  the  feces  of  rats  on  wheat  bran  seems  to  be  lower,  but  on  alfalfa  about  the 
same,  compared  to  control  animals.  With  pectin  there  was  a  considerable  in- 
crease in  total  excretion  of  neutral  sterols  and  bile  acids  per  day.  The  con- 
centration of  sterols  and  bile  acids  was  also  increased.  Additional  research 
on  the  mechanism  whereby  wheat  bran  and  pectin  inhibit  colon  carcinogenesis 
is  required.  The  data  with  wheat  bran  paralled  those  seen  in  human  population 
in  which  a  lower  concentration  of  bile  acids,  acting  as  promoters  of  colon 
cancer,  was  seen.  The  situation  with  respect  to  pectin  is  less  clear  and  may 
hinge  on  an  alteration  of  the  metabolism  of  azoxymethane. 
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significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Colon  cancer  is  the  neoplastic  disease  with  the  highest  incidence  in  humans 
in  the  United  States.  The  multidiscipl inary  research  effort  undertaken  with 
this  program  aims  at  providing  an  understanding  of  the  mechanism  of  colon 
carcinogenesis  through  study  of  modifying  factors  in  animal  models.  Thus,  in 
the  course  of  activities  under  this  contract,  a  mode  of  action  of  nutritional 
elements  and,  in  particular,  the  role  of  the  level  of  dietary  fat  and  dietary 
fibers  in  colon  cancer  development  was  elucidated  in  terms  of  promoting  and 
inhibiting  effects,  respectively.  The  Importance  of  intestinal  flora  in  ani- 
mal models  was  established,  and  the  relevant  underlying  mechanisms  studied. 
A  beginning  has  been  made  in  a  study  of  specific  micronutrients,  like  vitamin 
C,  and  additional  efforts  hopefully  will  provide  a  rational  basis  for  the  pre- 
vention of  this  Important  human  cancer. 

Proposed  Course:  The  objectives  of  this  contract  have  been  achieved,  and  the 
project  has  been  brought  to  an  orderly  conclusion. 

Date  Contract  Initiated:  December  14,  1972 

Current  Annual  Level  :   0 

COLORADO,  UNIVERSITY  OF  (NOl-CP-75875) 

Title:  Tissue  Interactions  in  Induction  and  Perpetuation  of  Hormonally- 
induced  Permanent  Cellular  Alterations 

Contractor's  Project  Director:  Dr.  Gerald  R.  Cunha 

Project  Officer  (NCI):  Dr.  Jerry  M.  Rice 

Objectives :  To  investigate  the  role  of  cell-cell  interactions  in  the  develop- 
ment and  maintenance  of  normal  and  abnormal  epithelial  differentiation  in- 
cluding neoplasia  of  hormonally-sensitive  organs  of  the  reproductive  tract. 

Major  Findings :  The  contractor  has  been  studying  the  Influence  of  mesenchyme 
of  the  embryonic  urogenital  sinus  (UGM)  (a  prostatic  inductor)  upon  normal 
and  neoplastic  epithelium  (urothelium)  of  the  urinary  bladder  of  rats  and 
mice.  UGM  Induces  prostatic  development  from  normal  embryonic,  neonatal,  and 
adult  urothelium.  The  induced  acini  resemble  prostate  as  judged  by  light  and 
electron  microscopy.  The  induced  urothelium  exhibits  histochemical  markers 
indicative  of  prostate  which  are  distinct  from  that  normally  expressed  by 
urothelium.  During  the  course  of  this  Inductive  process,  the  normally 
androgen-receptor-deficient  urothelium  expresses  androgen  receptor  activity 
and  acquires  an  androgenic  sensitivity  for  DNA  synthesis.  Finally,  the 
urothelium  expresses  prostate-specific  antigens  following  prostatic  induction 
by  UGM.  These  data  demonstrate  that  mesenchyme  Induces,  determines,  and 
maintains  both  the  morphological  organization  and  the  biochemical  function 
of  epithelium.  Finally,  analysis  of  the  effect  of  UGM  on  transitional  cell 
carcinomas  of  the  urinary  bladder  indicates  that  the  phenotype  of  the  tumor 
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can  be  altered  from  the  transitional  to  a  glandular  phenotype  when  associated 
with  UGM.  These  results  emphasize  the  profound  influence  of  connective  tis- 
sue upon  the  phenotypic  expression  of  both  normal  and  neoplastic  epithelia. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
These  studies  strengthen  the  concept  that  normal  and  abnormal  epithelial  dif- 
ferentiation (including  carcinogenesis)  may  be  controlled  by  similar  mechan- 
isms. Normal  epithelial  development  and  differentiation  are  induced  and  de- 
termined via  an  interaction  with  stromal  cells.  Similarly,  the  phenotype  of 
carcinoma  cells  can  be  modulated  by  natural  inductive  influences  from  normal 
stromal  cells.  Finally,  mesenchymal  induction  of  androgen-receptor  activity 
in  epithelium  of  the  embroyonic  urinary  bladder  demonstrates  that  the  androgen- 
insensitive  state  is  not  irreversibly  determined,  but  that  it  may  be  reversed 
by  an  appropriate  mesenchymal  inductor.  This  concept  may  have  relevance  to 
certain  tumors  (prostatic,  mammary,  or  endometrial)  that  exhibit  a  propensity 
for  evolving  into  hormone-independent  forms.  These  observations  suggest  the 
possibility  that  hormone-unresponsive  cells  may  be  experimentally  converted 
into  hormone-dependent  cells,  which  may  in  turn  be  subjected  to  hormonal 
therapy  versus  the  usual  ablative  therapies;  radiation,  surgery,  or  chemo- 
therapy. 

Proposed  Course:  To  further  characterize  the  alteration  of  phenotype  when 
bladder  transitional  carcinoma  cells  are  induced  by  UGM  to  form  glandular 
structures. 

Date  Contract  Initiated:  December  15,  1976 

Current  Annual  Level  :   0 

DOE/BRQOKHAVEN  NATIONAL  LABORATORY  (YOl-CP-60219) 

Title:  Influence  of  Repeated  Low  Dose  Irradiation  on  Mammary  Gland  Carcino- 
genesis in  Estrogenized  Rats 

Contractor's  Project  Director:  Dr.  Claire  J.  Shellabarger 

Project  Officer  (NCI):  Dr.  D.  Jane  Taylor 

Objectives :  It  has  been  demonstrated  that  a  synergistic  interaction  occurs 
between  x- irradiation  and  estrogen  on  mammary  adenocarcinoma  formation  in 
female  rats  of  the  AxC  strain  and,  so  far  as  is  known,  only  in  the  AxC  strain. 
It  is  the  objective  of  this  contract  to  study  the  effect  of  fractionation 
and  protraction  of  the  x-irradiation  on  this  synergistic  interaction.  Three 
x-ray  doses  are  to  be  studied,  80R,  40R,  and  20R;  and  each  of  these  doses  to  be 
given  in  1,  4,  or  8  fractions.  Following  the  last  irradiation,  diethylstil- 
bestrol  (DES)  pellets  are  implanted. 

Major  Findings:  All  rats  have  been  entered  into  the  study,  have  been  followed 
for  a  maximun  of  18  months,  and  have  been  terminated.  Preliminary  analysis  of 
the  80R  group  discloses  that  DES  given  at  183  days  of  age  is  less  effective 
than  DES  given  at  393  days  of  age,  at  least  in  terms  of  the  average  number  of 
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mammary  adenocarcinomas  per  rat.   It  also  appears  that  DES  given  at  183  days 
of  age  and  80R  of  x-irradiation  given  at  181  days  act  in  a  synergistic  fashion; 
but  when  the  two  agents  were  given  at  391  and  393  days  of  age,  no  synergism 
was  apparent  during  the  first  250  days  after  DES  treatment.  Preliminary  data 
from  the  20R  x  4  group  and  the  lOR  x  8  group  show  no  lessening  of  the  carcino- 
genic effect  due  to  fractionation.  Final  analysis  of  all  of  the  data  will  be 
completed  within  the  next  3  months. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Because  it  has  been  reported  that  women  exposed  to  repeated  fluoroscopic 
examinations,  women  survivors  of  atomic  bombings  and  women  treated  with  x-ray 
for  acute  postpartum  mastitis,  all  have  an  increased  risk  of  developing 
breast  cancer,  radiation  exposure  is  now  associated  with  breast  cancer  of  the 
human  female.  However,  there  is  little  animal  data  on  the  dose-response 
relationship  of  radiation  and  the  risk  of  developing  mammary  neoplasia  at  low 
doses  of  radiation,  and  even  less  data  on  the  possible  sparing  effect  when 
the  radiation  is  fractionated  and  protracted.  It  is  the  intent  of  this  research 
to  investigate  the  dose-response  relationship  and  the  effect  of  fractionation 
in  an  animal  model  in  which  synergistic  interaction  between  x-rays  and  estrogen 
on  mammary  carcinogenesis  has  been  demonstrated. 

Proposed  Course:  The  maimiary  adenocarcinoma  response  to  x-irradiation  will  be 
related  to  the  total  dose  and  to  the  dosage  schedule. 

Date  Contract  Initiated:  September  30,  1976 

Current  Annual  Level :  $47,772 

DOE/OAK  RIDGE  NATIONAL  LABORATORY  (YOl-CP-90207)  (Formerly  YOl-CP-50200) 

Title:  Respiratory  Carcinogenesis  -  Markers  of  Neoplastic  Development  in  the 
Respiratory  System 

Contractor's  Project  Director:  Dr.  Ann  C.  Marchok 

Project  Officer  (NCI):  Dr.  Paul  Okano 

Objectives: 

1.  To  define  specific  stages  in  the  evolution  of  neoplasia  in  respiratory 
epithel ium. 

2.  To  develop  and  utilize  in  vivo-in  vitro  and  in  vitro  model  systems  to 
define  and  quantitate  cellular  changes  that  identify  particularly  the  pre- 
neoplastic stages  of  carcinogenesis. 

3.  To  determine  the  effects  of  retinoids  on  the  differentiation  and  progres- 
sion of  neoplasia  in  these  systems,  and  thereby  contribute  to  the  understand- 
ing of  the  mechanism  of  action  of  vitamin  A. 

Major  Findings: 

1.  Using  the  tracheal  implant-organ  culture-cell  culture  model,  an  experiment 
was  initiated  to  study  the  growth  behavior  and  progression  to  neoplasia  in 
epithelial  cell  populations  derived  from  specific  lesions  induced  in  tracheal 
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implants  by  exposure  to  200  yg  dimethylbenz(a)anthracene.  To  date,  it  has 
been  determined  that  some  cell  populations  can  be  identified  by  alteration  in 
in  vitro  growth  capacity  and  by  differential  response  to  vitamin  A  (no  effect, 
stimulation,  inhibition  of  growth  in  agar). 

2.  Experiments  were  initiated  to  further  validate  the  tracheal  organ  culture- 
cell  culture  model  as  a  system  for  quantitatively  evaluating  the  appearance  of 
morphologically  altered  foci  (a  preneoplastic  marker)  in  epithelial  cell  popu- 
lations derived  from  carcinogen-exposed  tracheal  explants.  The  effects  of  a 
single  versus  a  split  dose  of  benzo(a)pyrene  on  the  number  and  time  of  appear- 
ance of  these  foci  is  under  investigation.  The  incorporation  of  a  growth 
selection  step  in  the  protocol  has  improved  on  the  time  to  the  identification 
of  the  morphologically  altered  foci. 

3.  Preliminary  experiments  have  been  carried  out  to  determine  the  effects  of 
benzo(a)pyrene  on  growing  primary  tracheal  epithelial  cell  cultures.  To  date, 
it  has  been  determined  that: 

(a)  Some  cultures  develop  a  greatly  increased  growth  rate  soon  after 
carcinogen  exposure. 

(b)  Foci  of  tightly  packed  cells  (morphologically-altered  cells)  are 
seen  only  in  carcinogen-exposed  cultures. 

(c)  These  foci  can  be  identified  under  "step-down"  culture  conditions 
within  two  weeks  after  a  single  exposure. 

(d)  Only  carcinogen-exposed  cells  are  subculturable. 

It  remains  to  be  seen  how  long  it  will  take  to  demonstrate  neoplastic  trans- 
formation in  these  cells,  and  how  it  will  compare  to  the  in  vivo-in  vitro  and 
the  organ  culture  systems  described  above. 

4.  As  part  of  the  development  of  a  rapid  highly-quantitative  system  for 
studying  the  control  of  differentiation  and  neoplastic  transformation  in  estab- 
lished tracheal  epithelial  cell  lines,  it  was  determined  that: 

(a)  Retinoids  are  growth  stimulatory  in  some  of  these  cell  lines. 

(b)  Keratinization  is  inhibited. 

(c)  Cloned  cell  lines  from  a  squamous  cell  carcinoma  and  an  adenocar- 
cinoma both  respond  to  retinyl  acetate  to  synthesize  and  secrete  mucin  glyco- 
proteins in  vitro.  However,  the  latter  cells  produce  40  x  more  of  these 
glycoproteins. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Lung  cancer  is  one  of  the  common  diseases  in  man.  Current  data,  mostly  from 
skin  and  liver  carcinogenesis  studies,  suggest  that  the  development  of  cancer 
is  a  multistage  event.  These  studies  should: 

1.  Define  cellular  and  biochemical  changes  in  epithelial  cells  which  will 
mark  stages  in  the  progression  of  neoplasia  in  respiratory  tissue. 

2.  Identify  ways  retinoids  may  alter  these  cellular  processes  and  thereby 
alter  the  progression  of  neoplasia. 

Proposed  Course:  To  continue  the  studies  described  above  since  most  of  the 
experiments  were  only  recently  initiated.  This  will  include: 

1.  Further  correlation  of  the  growth  properties  and  the  time  to  tumorigenicity 
of  cell  population  derived  from  specific  lesions  and  the  severity  of  the  lesion. 

2.  Further  improvement  in  identifying  and  quantitating  foci  of  morphological 
altered  cells  in  epithelial  cell  populations  as  a  pre-neoplastic  marker. 

3.  Determine  the  effect  of  carcinogen-dose  and  exposure  duration  on  the 
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frequency  of  the  "foci". 

4.  Determine  the  tumorigenic  potential  of  cells  from  these  altered  foci. 

5.  Determine  the  effects  of  retinoids  on  these  cellular  processes. 

Date  Contract  Initiated:  January  14,  1963 
Current  Annual  Level  :  $317,260 

DOE/OAK  RIDGE  NATIONAL  LABORATORY  (YQl-CP-90211)  (Formerly  YOl-CP-50200) 

Title:  Respiratory  Carcinogenesis  Dynamics  of  Neoplastic  Development  in  the 
Respiratory  System 

Contractor's  Project  Director:  Dr.  Margaret  Terzaghi 

Project  Officer  (NCI):  Dr.  Paul  Okano 

Objectives: 

1.  To  develop  in  vivo  and  in  vitro  techniques  for  studying  the  development  of 
respiratory  tract  cancers  in  vivo. 

2.  To  identify  cellular  changes  occurring  early  during  neoplastic  development 
in  carcinogen-exposed  tracheal  epithelium. 

3.  To  develop  models  for  studying  the  effects  of  x-radiation  amd  promoters  on 
the  dynamics  of  neoplastic  development  in  tracheal  mucosa. 

Major  Findings: 

1.  A  new  in  vitro  technique  referred  to  as  the  EF-assay  has  been  further 
developed  for  studying  neoplastic  development  in  tracheal  epithelium  exposed 
to  graded  doses  of  DMBA  in  vivo.  The  capacity  to  yield  EF  (proliferating 
epithelial  foci)  in  vitro  is  the  biological  marker  whereby  carcinogen-altered 
cells  can  be  identified.  Carcinogen  toxicity  (as  measured  by  epithelial  cell 
attachment  frequency)  was  marked  up  to  4  weeks  after  exposure  to  doses  in 
excess  of  100  ug  DMBA.  By  16  weeks  after  exposure  no  dose-related  toxicity 
was  noted.  The  number  of  EF  per  trachea  and  the  frequency  of  EF-positive 
tracheas  was  not  dose-dependent.  A  marked  dose  dependence  was  noted  with 
respect  to  the  ability  of  isolated  EF  to  grow  in  soft  agarose.  The  high 
frequency  of  agarose-positive  EF,  in  comparison  to  the  tumor-frequency  observed 
in  situ  following  the  same  carcinogen  dose  suggests  that  normally  only  a  small 
number  of  cells  endowed  with  neoplastic  potential  ever  succeed  in  establishing 
a  malignant  tumor  in  situ. 

2.  A  study  in  which  the  EF  assay  is  used  to  evaluate  the  effect  of  co-carcino- 
gens on  the  dynamics  of  neoplastic  development  in  tracheal  epithelium  has  been 
initiated.  No  systematic  effect  of  TPA  on  the  frequency  of  EF/trachea  was 
noted  3-6  months  after  exposure  to  carcinogen  and  initiation  of  TPA-exposure. 
The  vehicle  (heated  beeswax-cholesterol)  used  for  delivery  of  carcinogen  and 
TPA  has  been  found  to  induce  altered  growth  (EF)  in  vitro  in  populations 
exposed  in  vivo  to  the  vehicle  alone. 

3.  The  technique  previously  developed  in  which  transplants  denuded  of  their 
original  epithelium  are  repopulated  with  normal  or  "initiated"  tracheal  epi- 
thelial cells  has  been  further  developed  in  order  to  better  study  those  changes 
which  occur  early  in  the  neoplastic  process.  Cell  populations  previously 
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exposed  to  carcinogen  in  vivo  have  been  found  to  have  less  stringent  stromal 
requirements  for  growth  and  differentiation  in  vivo  in  comparison  to  normal 
tracheal  epithelium. 

4.  When  carcinogen-exposed  cell  populations  are  inoculated  into  transplanted 
denuded  tracheas,  the  time  required  for  the  expression  of  the  neoplastic  pheno- 
type  is  less  than  that  observed  in  the  same  population  passaged  in  culture. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Bronchogenic  carcinoma,  the  prevalent  neoplasm  of  the  respiratory  tract  in  man, 
most  likely  develops  as  a  result  of  chronic  exposure  to  various  carcinogens 
and  other  agents  present  in  the  environment  which  act  as  co-factors  in  the 
carcinogenic  process.  The  increased  susceptibility  to  carcinogens  or  co-car- 
cinogens of  individuals  already  exposed  to  subcarcinogenic  doses  of  one  or 
more  agents  is  clearly  of  practical  importance. 

The  EF  assay  in  vitro,  developed  in  this  laboratory,  allows  the  contractor  to 
quantitate  the  emergence  of  carcinogen  altered  and  neoplastic  cell  populations 
in  tracheal  epithelium  following  exposure  in  vivo  to  varied  doses  of  one  or 
more  carcinogens  and  co-factors,  delivered  at  controlled  dose  rates.  Using 
this  in  vivo-in  vitro  model,  they  can  effectively  study  the  effect  of  dose 
rate  and  co-factors  on  the  dynamics  of  neoplastic  development  in  vivo  in 
respiratory  tract  tissues.  It  is  expected  that  these  studies  will  help  define 
those  enviromental  factors  which  are  of  primary  importance  in  the  pathogenesis 
of  respiratory  neoplasms. 

Proposed  Course: 

1.  To  continue  the  study  of  the  dynamics  of  neoplastic  development  in  respira- 
tory epithelium  following  exposure  to  varied  doses  of  carcinogen  and/or  co- 
factors. 

2.  To  further  investigate  the  potential  of  heated  cholesterol  to  alter  the 
in  vitro  growth  potential  of  exposed  tracheal-epithelial  cell  populations. 

3.  To  study  the  effects  of  promoters  and  radiation  on  neoplastic  development 
in  vivo  in  isolated  populations  of  trachea  epithelial  cells  previously  exposed 
to  varied  doses  of  carcinogen. 

Date  Contract  Initiated:  January  14,  1963 

Current  Annual  Level :  $312,560 

HARVARD  COLLEGE  (NOl-CP-33273) 

Title:  The  Study  of  Respiratory  Carcinogenesis  by  Alpha  Radiation  and  Chemical 
Carcinogens 

Contractor's  Project  Director:  Dr.  John  B.  Little 

Project  Officer  (NCI):  Dr.  Carl  E.  Smith 

Objectives:  To  examine  some  of  the  factors  which  influence  the  carcinogenic 
response  to  respiratory  carcinogens;  to  develop  appropriate  models  for  studying 
interactions  between  these  agents;  to  determine  whether  a  synergistic  or  poten- 
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tiating  effect  exists  between  alpha  radiation  and  chemical  carcinogens  in  the 
production  of  lung  cancer;  and  to  investigate  conditions  which  may  predispose 
to  or  be  associated  with  such  synergistic  interactions.  Polonium-210  (^lOpo) 
is  used  as  the  source  of  alpha  radiation,  and  benzo(a)pyrene  (BP)  as  the  chemi- 
cal carcinogen. 

Major  Findings:  Long-term  tumor  induction  experiments  have  been  completed  to 
determine  the  role  of  dose-rate  in  lung  cancer  induced  by  ^lopg  alpha  radia- 
tion .  At  higher  doses  (240  rads  lifetime  dose  to  the  lungs),  the  tumor  inci- 
dence was  reduced  by  protracting  the  dose,  whereas  at  lower  total  doses 
(24  rads)  it  was  increased;  that  is,  low  dose-rate  exposure  was  more  hazardous. 
Autoradiographic  experiments  indicate  that  intratracheal  instillations  of  low 
(noncarcinogenic)  doses  of  BP  or  of  saline  solution  alone  act  as  a  stimulus 
to  cell  proliferation  in  the  lung.  This  effect  may  explain  why  saline  or  such 
low  doses  of  BP  can  markedly  enhance  ^^^Po  carcinogenesis. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
These  studies  are  addressed  to  a  yery   critical  problem  in  the  evaluation  of 
human  lung  cancer  hazards  which  may  result  from  the  combined  effects  of  radia- 
tion, chemical  carcinogens,  and  other  noncarcinogenic  promoting  factors. 
Synergistic  relationships  between  alph  radiation  and  chemical  carcinogens  have 
been  implicated  in  the  high  incidence  of  occupational  lung  cancer  in  man 
(uranium,  hematite,  and  fluorspar  miners).  Previous  studies  have  shown  that 
2^°Po,  a  component  of  tobacco  smoke,  accumulates  in  the  bronchial  wall,  especi- 
ally the  segmental  bifurcations  of  smokers.  This  is  a  region  where  a  high 
percentage  of  the  bronchial  carcinomas  are  found.  Results  from  this  project 
could  have  a  direct  bearing  on  the  evaluation  of  lung  cancer  hazards  in  man. 

Proposed  Course:  This  contract  is  nearing  the  end  of  its  terminal  year.  Auto- 
radiographic and  histologic  sections  will  be  prepared  and  analyzed  from  the 
remaining  animals  in  the  serial  sacrifice  study  of  proliferative  patterns  in 
the  lung  during  ^lOpQ  a|r|(j  gp  carcinogenesis,  and  the  result  of  this  and  of  the 
dose-rate  study  prepared  for  publication. 

Date  Contract  Initiated:  June  1,  1973 

Current  Annual  Level  :   0 

MEMORIAL  HOSPITAL  FOR  CANCER  AND  ALLIED  DISEASES  (NOl-CP-43366) 

Title:  Analysis  of  Cell  Proliferation  in  Familial  Polyposis 

Contractor's  Project  Director:  Dr.  Martin  Lipkin 

Project  Officer  (NCI):  Dr.  Carl  E.  Smith 

Objectives:  To  define  the  phenotypic  stages  of  preneoplasia  in  cells  of  humans 
at  increased  risk  for  colon  cancer;  and  to  develop  well  characterized  human 
cells  and  population  groups  for  studies  of  the  mechanisms  of  carcinogenesis, 
and  its  prevention  in  man. 


1458 


Major  Findings: 

1.  Risk  Factor  Profile  in  Colorectal  Cancer  --  Recent  measurements  in  this 
laboratory  have  identified  a  series  of  phenotypic  abnormalities  in  subjects  at 
high  risk  for  the  development  of  colorectal  cancer.  These  include  modified 
growth  characteristics  of  colonic  and  cutaneous  cells,  and  abnormal  secretory 
and  excretory  products.  The  discovery  of  these  phenotypic  characteristics, 
which  are  present  with  increased  frequency  in  subjects  having  hereditary  pre- 
disposition to  colonic  neoplasia,  has  led  to  the  development  of  a  risk  factor 
profile  with  quantitation  of  the  characteristics  in  the  population  groups.  To 
facilitate  its  development,  a  comprehensive  population  resource  of  subjects  at 
high  risk  for  colorectal  cancer  has  been  developed,  providing  human  cells  and 
secretory  specimens  currently  used  to  identify  these  markers  of  colon  cancer 
susceptibility,  and  for  analyses  to  elucidate  mechanisms  of  colorectal  carcino- 
genesis and  its  prevention  in  man.  The  population  resource  has  now  been  ex- 
tended to  include  familial  aggregates  with  several  variants  of  inherited  poly- 
posis, strongly  colon  cancer  prone  families  without  polyposis,  individuals  and 
families  with  multiple  cancers  including  colorectal,  primary  colorectal  cancer, 
and  familial  aggregates  cancer  free  for  two  and  more  generations.  Population 
groups  in  geographic  regions  at  very  low  risk  for  cancer  of  the  large  intestine 
also  have  been  added  to  the  resource  in  order  to  faciliate  the  further  develop- 
ment of  the  risk  factor  profile. 

2.  Culture  of  Premalignant  Epithelial  Cells  of  Human  Colon  --  Although  long- 
term  culture  of  normal  human  colonic  epithelial  cells  has  previously  not  been 
successful,  in  this  study  premalignant  epithelial  cells  from  the  human  colon 
have  been  routinely  grown  as  monolayers  in  tissue  culture  for  up  to  six  weeks. 
Cells  from  adenomatous  polyps  underwent  DNA  synthesis  in  culture  as  demon- 
strated by  the  incorporation  of  ^HTdR  and  the  formation  of  a  high  percentage 
of  binucleated  cells.  The  colonic  cells  were  identified  as  epithelial  by 
gross  morphology,  and  by  the  presence  of  characteristic  specialized  structures 
in  the  plasma  membrane,  the  junctional  complexes.  Tight  junctions  sealed  the 
lateral  boundaries  of  neighboring  cells  nearest  the  apical  face.  Gap  junc- 
tions, numerous  desmosomes,  and  extensive  membrane  interdigitations  were  also 
seen  connecting  cells.  Colonic  epithelial  cells  exhibited  a  preference  for 
growth  on  nonadherent  substrates  rather  than  substrates  attached  to  the  bottom 
of  a  culture  vessel.  Most  cells  had  the  capability  to  exhibit  columnar  mor- 
phology similar  to  that  seen  in  vivo.  Epithelial  colonies  grew  from  tissue 
fragments  without  overgrowth  by  fibroblasts.  When  fibroblasts  were  added  to 
growing  cultures,  they  were  excluded  by  the  continuous  colony  front  and  did 
not  freely  intermingle  with  the  epithelial  cells.  Colonic  adenomas  can  be 
designated  at  different  stages  in  the  progression  to  frank  carcinoma.  Epithe- 
lial cells  cultured  from  classes  of  adenomas  with  differing  malignant  potential 
exhibited  some  heterogeneity  in  morphology,  substrate  requirement,  and  antigen 
expression.  Epithelial  cells  cultured  from  six  adenomas  were  reactive  by  the 
direct  immunofluorescence  test  with  antibody  made  against  16-22  week  human 
fetal  tissues,  but  did  not  bind  antibody  made  to  8-10  week  human  fetus,  human 
chorionic  gonadotropin,  or  alpha  fetoprotein.  Two  epithelial  monolayers  were 
unreactive  to  both  fetal  antibodies,  the  8-10  week  and  the  16-22  week.  Cul- 
tured cells  of  the  two  unreactive  adenomas  were  similar  in  appearance  with  a 
higher  nuclear  to  cytoplasmic  ratio  than  the  antigen  positive  cells.  These 
findings  in  cultured  cells  from  human  adenomas  provide  additional  definition 

of  the  stages  of  premalignancy  accompanying  the  development  of  colon  cancer 
in  man. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
These  findings  have  identified  phenotypic  abnormalities  that  develop  in  human 
cells  as  they  undergo  neoplastic  transformation.  They  have  led  to  a  new  ap- 
proach to  the  characterization  of  subjects  as  high  risk  for  colorectal  cancer, 
and  have  provided  means  now  used  to  detect  individuals  with  expressed  or  latent 
inherited  polyposis,  a  disease  leading  to  colon  cancer.  These  well  charac- 
terized subjects  can  now  be  entered  into  studies  designed  to  inhibit  the 
development  of  neoplasia.  The  results  also  have  provided  well  characterized 
human  cells  and  secretory  specimens  that  are  now  being  used  in  a  wide  variety 
of  studies  in  many  areas  related  to  carcinogenesis  and  human  cell  transforma- 
tion. These  include  attempts  to  identify  carcinogens  involved  in  the  develop- 
ment of  colon  cancer,  and  analysis  of  stages  of  transformation  of  human  cells. 

Proposed  Course:  Studies  will  be  continued  to  develop  markers  or  indices  de- 
fining the  stages  of  preneoplasia  in  cells  of  these  human  population  groups 
at  high  risk  for  colon  cancer.  Related  studies  will  be  carried  out  on  the 
high  risk  population  groups  to  attempt  to  inhibit  the  progression  of  stages 
of  abnormal  cell  development  leading  to  neoplasia.  A  resource  of  well  charac- 
terized cutaneous  and  colonic  cells  is  being  used  to  study  mechanisms  of  car- 
cinogenesis in  human  cells. 

Date  Contract  Initiated:  October  15,  1971 

Current  Annual  Level :   0 

MINNESOTA,  UNIVERSITY  OF  (NOl-CP-33364)  ( 

Title:  Studies  on  Polycyclic  Hydrocarbon  Metabolism  in  the  Respiratory  Tract 
Contractor's  Project  Director:  Dr.  Lee  W.  Wattenberg 
Project  Officer  (NCI):  Dr.  Carl  E.  Smith 

Objectives: 

1.  To  determine  the  mechanism  whereby  phenolic  antioxidants  inhibit  neoplasia 
of  the  lung  resulting  from  administration  of  carcinogens. 

2.  To  ascertain  structural  requirements  for  compounds  to  act  as  inhibitors. 

Major  Findings: 

1.  Effects  of  Addition  to  the  Diet  of  Phenols  of  Various  Chemical  Structures 
and  Related  Compounds  on  BP-Induced  Pulmonary  Neoplasia  --  In  the  previous 
report  the  effects  of  8  phenols,  administered  to  mice  by  oral  intubation,  on 
BP-induced  pulmonary  neoplasia  in  A/HeJ  mice  was  reported.  BHA  was  the  most 
effective  of  the  compounds  studied.  During  the  past  year,  several  related 
studies  have  been  carried  out  in  which  the  phenols  were  added  to  the  diet. 
The  experimental  diets  were  given  for  8  days  prior  to  the  initial  adminis- 
tration of  BP  and  continued  until  3  days  after  the  last  dose  of  BP.  Three 
mg-BP  in  0.2  ml  cottonseed  oil  was  given  by  oral  intubation  3  times  with  a 
two-week  interval  between  each  administration.  In  the  first  experiment,  the 
effect  of  eliminating  the  t-butyl  group  from  BHA  was  investigated  along  with 
variation  of  the  position  of  the  methoxy  group.  None  of  the  compounds  lacking     | 
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a  t-butyl  group  had  a  significant  inhibitory  capacity.  A  second  experiment 
was  carried  out  in  which  the  inhibitory  capacities  of  2-t-butylphenol  and 
2-t-butyl  hydroquinone  were  compared  with  BHA.  These  compounds  differ  from 
BHA  in  that  the  methoxy  group  is  lacking  In  the  case  of  2-t-butylphenol,  the 
position  is  unsubstituted.   In  t-butyl  hydroquinone,  there  is  a  hydroxyl  group 
rather  than  a  methoxy  substitution.  Neither  2-t-butylphenol  nor  2-t-butyl 
hydroquinone  exerted  a  significant  inhibitory  effect.  The  effects  of  addition 
of  4,6-di-t-butylresorcinol  to  the  diet  was  studied.  This  compound  has  an 
inhibitory  effect,  but  is  less  potent  than  the  major  isomer  of  BHA.  The 
results  of  these  studies  demonstrate  that  the  specific  structural  features  of 
phenolic  compounds  are  critical  in  determining  inhibitory  activity.  The 
presence  and  position  of  the  t-butyl  group  is  of  importance  as  is  the  nature 
of  the  substitution  para  to  the  phenolic  group.  Thus  far  no  phenol  studied 
has  been  more  effective  than  the  major  isomer  of  BHA. 

2.  Short  Interval  Effects  of  BHA  on  the  Microsomal  Metabolism  of  BP  --  BHA 
administered  by  oral  intubation  four  hours  prior  to  sacrifice  alters  the 
microsomal  metabolism  of  BP  as  determined  by  high  pressure  liquid  chromato- 
graphy. There  is  a  slight  increase  in  the  percent  of  3-HOBP  and  9-HOBP  in 
the  BHA  group.  Other  increases  observed  were  in  the  dione  peaks  and  an  un- 
known peak  which  eluted  between  the  BP-6,12-dione  and  the  9-HOBP  peaks.  The 
remaining  metabolites  showed  either  a  significant  decrease  or  no  change  as  a 
result  of  BHA  treatment.  BP-4,5-oxide  formation  was  decreased  greater  than 
30%.  The  corresponding  BP-4,5-diol  underwent  a  similar  decrease  while  the 
other  two  diols  showed  no  significant  alteration.  The  polar  region  which 
contains  metabolites  of  BP-diols  was  diminished  by  40%.  Since  metabolism  of 
BP-diols  results  in  the  formation  of  BP-diol  epoxides  which  are  ultimate  car- 
cinogens the  marked  decrease  in  metabolites  in  the  polar  region  is  of  con- 
siderable interest. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
A  knowledge  of  the  mechanism  of  inhibition  of  carcinogen-induced  pulmonary 
neoplasia  could  be  of  value  in  assessing  the  effects  of  environmental  factors 
on  susceptibility  to  neoplasia.  It  also  would  serve  as  a  basis  for  the  de- 
velopment of  highly  potent  compounds  which  could  be  used  as  inhibitors  in 
selective  population  groups  at  high  risk. 

Proposed  Course:  The  contract  reached  its  termination  date  December  22,  1979. 

Date  Contract  Initiated:  June  23,  1973 

Current  Annual  Level  :   0 

MINNESOTA,  UNIVERSITY  OF  (NOl-CP-55702) 

Title:  A  Study  of  the  Rhythmometry  on  Japanese  and  North  American  Female 
Volunteers  of  Different  Age  Groups 

Contractor's  Project  Director:  Dr.  Franz  Halberg 

Project  Officer  (NCI):  Dr.  Carl  E.  Smith 
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Objectives  :  Women  of  three  age  subgroups  (post-pubertal  ,  young  adult,  and 
post-menopausal )  were  selected  on  an  epidemiologic  basis  and  assigned  to  one 
group  of  low  breast  cancer  risk  in  Kyushu,  Japan,  and  two  groups  in  Minnesota, 
U.S.A.;  one  of  low,  the  other  of  high  breast  cancer  risk.  Each  subject 
was  hospitalized  for  24  hours  --  those  menstrual ly  cycling  in  selected  stages 
of  the  menstrual  cycle  (a  different  stage  intended  for  each  season  for  any  one 
subject).   During  hospitalization,  blood  samples  for  hormone  analysis  were 
collected  every   20  minutes.  Breast  surface  temperature,  motor  activity,  and 
EKG  were  usually  recorded  automatically  on  a  medilog  tape.  Blood  pressure  was 
recorded  every   10  minutes  automatically,  but  indirectly  with  a  Roche  Arterio- 
sonde.  For  a  month  covering  hospitalization,  each  subject  was  taking  self- 
measurements  and  collecting  urine.  With  this  information  at  hand,  individua- 
lized and/or  group  reference  standards  were  sought  to  assist  in  the  evaluation 
of  the  timing  of  hormonal  variations  in  blood  and  urine,  taking  into  account 
the  individual's  ultradian,  circadian,  circaseptan  (when  pertinent),  circatri- 
gintan  and  circannual  rhythms  in  body  core  temperature,  pulse,  blood  pressure, 
etc.  Among  groups  of  women  exhibiting  various  breast  cancer  risks,  differences 
in  hormonal  and/or  other  physiologic  patterns  and  differences  in  rhythmic 
changes  with  frequencies  ranging  for  selected  variables  from  one  cycle  in  a 
few  minutes  or  hours  to  one  cycle  in  a  year  were  investigated. 

Major  Findings : 

1.  The  effect  of  age  on  hormonal  rhythm  characteristics  in  plasma.  --  A 
statistically  significant  (P<.05)  decrease  of  the  circadian  mesor  (mean)  was 
found  among  the  three  age  groups  for  prolactin,  estrone,  estradiol,  170H- 
progesterone  and  DHEA-S,  and  a  significant  increase  was  found  in  the  case  of 
LH.  An  age  effect  could  also  be  observed  among  the  three  age  groups  for  the 
circadian  amplitude  of  LH  (increase  with  age),  estradiol,  170H-progesterone, 
aldosterone  and  DHEA-S  (decrease  with  age).  Moreover,  when  comparing  the 
average  circannual  amplitude  of  hormones  between  pre-  and  postmenopausal  women, 
a  decrease  as  a  function  of  age  (P<.05)  was  observed  for  aldonsterone,  170H- 
progesterone,  estradiol,  estrone  and  prolactin,  and  an  increase  (P<.05)  was 
observed  in  the  case  of  LH. 

2.  The  investigation  of  circatrigintan  rhythms.  --  Circadian  mesors  and 
amplitudes  were  used  in  a  stepdown  regression  procedure  in  which  age,  country, 
risk,  season,  and  menstrual  stage  were  treated  as  "dummy  variables"  to  eval- 
uate different  discriminant  merits  of  various  prolactin  rhythm  characteristics 
at  several  frequencies.  The  lack  of  interaction  between  menstrual  cycle  stage 
and  season  could  be  considered  as  an  a  posteriori  validation  of  previous 
results  concerning  the  circannual  prolactin  rhythm.  Among  the  subjects  in- 
vestigated, 12  menstrually  cycling  women  monitored  their  breast  surface  tem- 
perature automatically.  The  analyses  of  these  data,  in  a  serially  independent 
sampling  scheme,  suggests  a  circatrigintan  acrophase  modulation  of  the  cir- 
cadian temperature  rhythm.  The  circadian  acrophase  is  latest  at  the  time  of 
menstruation  onset  and  earliest  about  ovulation  time. 

3.  The  correlation  among  variables.  --  The  computation  of  a  correlation 
matrix  between  breast  cancer  risk  and  hormonal  rhythm  parameters  reveals  a 
statistically  significant  (P<.05)  positive  correlation  for  the  circannual 
amplitude  of  TSH  and  a  negative  one  for  prolactin.  Investigation  of  similar 
correlation  coefficients  for  the  circadian  parameters  in  each  season  shows 
that  what  may  be  a  statistically  significant  correlation  for  the  circadian 
hormonal  mesor  or  amplitude  in  one  season  may  be  altogether  lost  in  other 
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seasons.  Furthermore,  the  fact  that  most  statistically  significant  corre- 
lations were  found  in  fall  reafirms  the  cost-efficiency  of  time-oriented 
sampling.  From  these  still  tentative  results  (awaiting  validation  on  a  broader 
population  base),  it  may  be  concluded  that  a  single  profile  in  the  fall  may  be 
the  best  start  for  exploring  in  a  stepwise  fashion  with  stop-go  rules  hormonal 
indications  of  breast  cancer  risk.  Information  obtained  from  manility-serality 
questionnaires  indicates  that  the  circadian  subjective  optimum  also  can  be 
correlated  with  several  hormonal  rhythm  characteristics. 
4.  The  determination  of  circadian  rhythms  in  urine.  --  Circadian  mesors  of 
plasma  aldosterone  concentration  and  of  urinary  excretion  rates  for  aldosterone; 
potassium  and  creatinine  were  statistically  significantly  higher  in  Minnesotan 
than  in  Fukuokan  subjects;  whereas,  urinary  sodium  and  chloride  excretion  rates 
were  statistically  significantly  lower  in  Minnesotan  than  in  Fukuokan  women. 
These  different  circadian  mesors  on  two  continents  may  relate  to  differences  in 
dietary  habits,  especially  salt  consumption,  yet  the  roles  of  other  factors 
(some  of  them  characterized  by  rhythms  with  several  frequencies)  remain  to  be 
elucidated  in  conjunction  with  the  chronoepidemiologic  significance  of  these 
mesor  differences. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  fact  that  most  hormonal  variables  exhibit  marked  predictable  variations, 

according  to  several  frequency  ranges,  may  be  cost-effectively  exploited  for: 

1.  Determining  when  to  sample,  i.e.,  when  expected  differences  are  most  easily 
assessable.  Prolactin  measurements  during  the  night  (near  the  circadian 
acrophase)  in  the  winter  is  most  likely  to  pick  up  a  difference  between 
Japanese  and  Minnesotan  women. 

2.  Planning  further  studies  in  view  of  the  correlations  between  hormonal 
rhythm  parameters  and  breast  cancer  risk.  A  study  in  the  fall  is  likely  to 
provide  maximal  information  since  it  was  in  this  season  that  most  circadian 
hormonal  characteristics  could  be  related  to  breast  cancer  risk. 

3.  Refining  diagnosis  by  recording  the  time  at  which  data  are  collected  in 
order  to  interpret  them  against  time-specified  reference  intervals;  so-called 
chronodesms.  A  Cortisol  value  of  5yg/dl  may  be  suspiciously  high  for  a  blood 
sample  taken  at  23°°  but  suspiciously  low  for  one  taken  between  06°°  and  13°°; 
whereas,  at  certain  other  times  the  same  value  is  "normal"  (for  women  with  a 
day-active,  night-resting  activity  pattern). 

Proposed  Course:  The  study  was  completed  on  October  10,  1979. 

Date  Contract  Initiated:  September  30,  1975 

Current  Annual  Level :   0 
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Objectives :  To  investigate  the  role  of  bacterial  and  colonic  mucosa  enzymes 
in  the  biotransformation  of  colon-specific  carcinogens  to  their  ultimate 
active  forms. 

Major  Findings  :  The  previous  finding  that  colonic  anaerobic  bacteria  possessed 
enzymes  capable  of  activating  ni^tro-containing  chemicals  to  mutagens  led  to  the 
investigation  of  the  basis  of  the  mutagenic  action  of  nitro-containing  poly- 
cyclic  chemicals.  An  added  impetus  was  the  widespread  distribution  of  such 
agents  in  the  environment  and  their  use  in  human  therapy.  The  major  findings 
can  be  summarized  as  follows: 

1.  While  bicyclic  nitro-containing  chemical  (e.g.,  2-nitronaphthalene, 
4-nitroquinoline-l-oxide)  are  primarily  base-substitution  mutagens,  the  intro- 
duction of  an  additional  ring  (e.g.,  nitroacridine,  ni trofluorenes ,  naphthalic 
acid  imides)  resulted  in  the  production  of  mutations  of  the  frameshift  type. 

2.  The  mutagenicity  of  the  nitro-polycycl ic  chemicals  studied  does  not  appear 
to  depend  upon  the  presence  or  induction  of  an  error-prone  DNA  repair  system. 

3.  Agents  that  are  frameshift  mutagens  as  a  result  of  simple  intercalati ve 
ability  (i.e.,  they  do  not  form  covalent  adducts  with  the  cellular  DNA)  muta- 
genize  primarily  the  Salmonella  typhimurium  tester  strain  TA1537.  The  uvrB 
gene  product  is  not  necessary  for  the  expression  of  the  mutagenicity  of  these 
agents. 

4.  Nitro-containing  chemicals  that  induce  mutations  as  a  result  of  adduct 
formation,  require  a  functional  nitro-reduction  and  a  functional  uvrB  gene 
product  to  express  their  mutagenicity. 

5.  Nitro-containing  chemicals  capable  of  forming  covalent  adducts  with  the 
cellular  DNA  mutagenize  primarily  Salmonella  strains  TA1538  and  TA98. 

6.  Ninety-five  percent  of  the  frameshift  activity  of  nitro-containing  chemicals 
capable  of  "simple  intercalation"  and  of  adduct  formation  is  due  to  the  forma- 
tion of  adducts. 

7.  Evidence  was  obtained  for  the  presence  in  bacteria,  of  at  least  four 
enzymes  capable  of  reducing  nitro-containing  chemicals  to  mutagens. 

A  class  of  therapeutic  agents  which  share  the  ability  to  inhibit  the  enzyme 
DNA  gyrase  was  uncovered  and  found  to  be  non-mutagenic,  but  yet  capable  of 
modifying  cellular  DNA.  In  view  of  the  fact  that  some  of  these  agents  are 
widely  used  in  human  medicine,  this  finding  merits  further  study. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Colon  cancer  is  a  major  disease  in  this  country.  The  identification  of  the 
causative  factors  is  a  prerequisite  for  understanding  and  preventing  the  high 
incidence  of  this  neoplasia.  The  findings  presented  herein  may  provide  impor- 
tant clues  to  some  of  the  factors  responsible  for  this  disease. 

Proposed  Course:  Studies  supported  under  this  contract  are  being  completed 
and  the  contract  will  terminate  on  September  29,  1980. 

Date  Contract  Initiated:  September  30,  1977 

Current  Annual  Level  :   0 
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SLOAN-KETTERING  INSTITUTE  FOR  CANCER  RESEARCH  (NOl-CP-75950) 

Ti t1 e :  Studies  of  Metabolic  Capacity  in  Intestinal  Mucosa 

Contractor's  Program  Director:  Dr.  M.  Earl  Balis 

Project  Officer  (NCI):  Dr.  Carl  E.  Smith 

Objectives :  This  is  a  program  designed  to  ascertain  the  interactions  among 
the  many  factors  that  contribute  to  colon  cancer.  A  considerable  body  of  data 
has  been  acquired  that  indicates  a  role  of  diet,  reducing  agents,  and  endogenous 
or  exogenous  chemicals  on  the  incidence  of  the  disease.  It  is  the  goal  of  this 
program  to  identify  the  significance  of  each  factor  and  their  interdependence. 
The  methodology  is  to  see  if  changes  brought  about  by  known  carcinogens  can  be 
used  as  criteria  of  carcinogenic  potency  of  other  stresses.  It  is  further 
hoped  that  assay  of  relative  changes  in  biochemical  parameters,  in  the  dividing 
and  differentiated  cells,  will  provide  a  useful  screen  for  potential  colon 
carcinogens.  Emphasis  will  be  placed  on  early  changes.  Success  in  this  would 
permit  a  simple  means  of  detecting  potential  carcinogens  and  effectors  of  other 
carcinogens. 

Major  Findings: 

1.  Further  studies  on  the  subcellular  distribution  of  5-phosphoribosyl-l- 
pyrophosphate  (PRPP)  synthetase  of  rat  intestinal  mucosa  have  revealed  that 
the  activity  is  parallel  to  that  of  y-glutamyl  transpeptidease,  indicating  it 
to  be  in  brush  border.  Chromatography  of  triton  solubilized  particulate  frac- 
tion unmasked  a  peak  of  hypoxanthine  phosphoribosyltransferase  (HPRTase)  acti- 
vity that  was  not  detectable  before;  this  activity  was  also  found  to  be  con- 
centrated in  the  brush  border.  The  coexistence  of  these  two  activities,  in 
the  fractions  of  bowel  involved  in  absorption,  has  led  to  the  suggestion  that 
the  synthetase  and  phosphoribosyltransferase  are  part  of  a  coupled  transport 
system. 

2.  To  elucidate  further  the  tissue  specificity  of  PRPP  synthetase  in  cells 
with  different  biological  functions,  the  contractor  has  compared  the  pro- 
perties of  this  enzyme,  isolated  and  partially  purified,  from  the  membrane 
extracts  of  rat  jejunal  and  colonic  mucosa.  The  results  have  shown  that  they 
are  characteristically  different  in  gel  filtration  as  well  as  isoelectric 
focusing  pattern,  in  stability,  affinity  to  lectin  columns  and  in  their  ionic 
requirements  for  activation.  The  jejunal  preparation  contains  predominantly 
PRPP  synthetase  components  that  are  excluded  earlier  upon  gel  filtration  than 
that  from  colon.  The  jejunal  enzyme  is  more  stable,  has  greater  affinity  for 
lectin,  and  the  activity  is  less  susceptible  to  heat  denaturation,  but  more 
susceptible  to  the  change  of  the  ionic  environment. 

3.  Prolonged  treatment  of  animals  with  carcinogens,  e.g.,  DMH  or  MAM,  seems 
to  have  increased  the  specific  activity  of  PRPP  synthetase  in  various  tissues 
as  studied,  as  compared  to  the  enzyme  activity  of  the  same  tissues  in  the 
control  group.  However,  the  enzyme  isolated  from  DMH  or  MAM  treated  animal 
tissues  is  less  stable.  The  PRPP  synthetase  gel  filtration  profile  of  DMH 
induced  tumor  cells  was  found  to  be  different  from  that  of  the  normal  tissue 
of  origin.  The  appearance  of  a  larger  size  enzyme  was  observed  in  the  colon 
tumor  preparations  that  was  not  seen  in  their  normal  counterpart. 
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Significance  to  Biochemical  Research  and  the  Program  of  the  Institute: 
Many  recent  studies  have  indicated  the  importance  of  the  transport  of  purine 
bases  and  nucleosides  across  cell  membrane,  and  that  changes  in  this  transport 
capacity  of  a  cell  are  closely  related  to  the  alteration  of  its  growth  pro- 
perties. The  exact  physiological  role  and  mechanism  of  this  transport  are  not 
clearly  defined.  Based  on  the  results  obtained  from  studies  of  bacteria,  it 
has  been  proposed  that  active  purine  transport  in  animal  cells  is  affected 
directly  by  the  activity  of  phosphoribosyl  transferases,  which  in  turn  are 
dependent  on  the  availability  of  the  reaction  substrate,  PRPP.  The  finding 
of  the  coexistence  of  PRPP  synthetase  and  HPRTase  in  one  of  the  particulate 
fractions  of  bowel  involved  in  absorption  lends  experimental  support  to  the 
above  proposal.  The  coexistence  of  these  two  enzymes  in  cell  membrane,  the 
primary  cellular  regulatory  site,  further  emphasizes  the  importance  of  their 
roles  in  the  regulation  of  nucleic  acid  synthesis  in  cells.  The  alterations 
seen  shortly  after  administration  of  carcinogens  show  a  role  of  these  enzyme 
systems  in  cancer,  and  suggest  their  possible  value  as  early  indicators  of 
cancer. 

A  major  problem  in  using  chemotherapeutic  agents  has  been  their  lack  of 
specificity  to  the  malignant  cells,  while  sparing  normal  cells.  Therefore, 
to  design  new  regimens  in  an  attempt  to  increase  the  selective  action  of 
agents  on  neoplastic  cells  during  specific  phases  of  the  cell  cycle,  will  be 
an  important  goal  in  this  area  of  investigation.  On  the  other  hand,  cells 
(e.g.,  bone  marrow  and  intestinal  tract  that  require  exogeneous  purines  for 
their  nucleic  acid  synthesis)  can  be  selectively  inhibited  by  substances  that 
inhibit  transport.  This  inhibition  is  especially  significant  during  the 
malignancy  of  these  cells.  If  both  PRPP  synthetase  and  HPRTase  are  involved 
in  intracellular  synthesis  and  active  membrane  transport  of  purines,  inhibi- 
tors for  these  enzymes  that  will  selectively  inhibit  one  function  but  not  the 
other,  would  certainly  be  of  great  value  in  the  selection  of  chemotherapautic 
regimens. 

Proposed  Course: 

1.  The  membrane-associated  PRPP  synthetase  and  HPRTase  will  be  purified 

from  various  animal  and  human  sources  using  both  normal  and  malignant  tissues. 
Their  physico-chemical  properties  will  be  characterized  and  compared  with  the 
cytosolubilized  counterparts. 

2.  To  define  the  relationship  between  transport  activity,  enzyme  activity, 
and  cell  growth  property,  the  initial  rates  of  transport  and  enzyme  reactions 
of  cells  isolated  from  erythrocytes,  leucocytes  and  intestinal  mucosa  will  be 
analyzed  kinetically.  These  results  will  be  compared  with  those  obtained 
from  the  same  studies  on  cells  of  leukemic  origin  or  intestinal  tumors  of 
different  metastatic  potentials. 

3.  Selective  inhibitors  for  membrane-bound  HPRTase  and  PRPP  synthetase  will 
be  sought.  Many  substrate  analogs  of  these  two  enzymes  will  be  tested  and 
compared  on  the  crude  and  purified  enzymes  isolated  from  the  membrane  and 
their  cytosolubilized  counterparts.  If  such  inhibitors  are  available,  then 
their  effects  on  the  membrane  transport  activity  of  normal  and  malignant 
cells  will  be  evaluated. 

Date  Contract  Initiated:  September  30,  1977 

Current  Annual  Level  :   0 
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SLOAN-KETTERING  INSTITUTE  FOR  CANCER  RESEARCH  (NOl-CP-75951) 

Title:  Studies  of  Metabolic  Capacity  in  Intestinal  Mucosa 

Contractor's  Project  Director:  Dr.  Lucy  M.  Anderson 

Project  Director  (NCI):  Dr.  Carl  E.  Smith 

Objectives:  The  strong  correlation  between  human  colon  cancer  and  diet,  and 
the  ease  with  which  colonic  neoplasms  can  be  induced  in  rodents  with  carcino- 
gens, suggests  that  human  malignancies  of  the  large  bowel  may  be  initiated 
and/or  promoted  by  chemical  carcinogens.  Carcinogens  of  at  least  two  classes 
are  known  to  occur  in  human  colonic  contents:  Polycyclic  aromatic  hydrocar- 
bons (PAHs),  and  nitroso  derivatives.  The  effectiveness  of  these  chemicals  as 
tumor  initiators  will  be  determined  in  part  by  the  ability  of  the  colonic  mu- 
cosal cells  to  activate  them  to  proximate  carcinogenic  forms,  as  well  as  these 
cells'  detoxification  capabilities.  The  general  objective  of  our  research  has 
been  to  provide  a  detailed  study  of  the  metabolism  of  representatives  of  these 
two  classes  of  environmental  carcinogens,  as  related  to  colon  carcinogenesis. 
With  mouse  colon  as  the  experimental  model,  emphasis  has  been  placed  on  gene- 
tics, diet,  enzyme  induction,  and  the  generation  of  proximate  carcinogenic  pro- 
ducts. 

Major  Findings : 

1.  Benzpyrene  hydroxylase  --  In  an  earlier  phase  of  this  project,  methods 
were  perfected  for  measurement  of  alkali-  and  water-soluble  products  of 
I'+C-benzpyrene  (BP)  metabolism  by  colonic  mucosal  homogenates  from  mice,  as 
an  indication  of  total  benzpyrene  metabolism.  Activity  was  found  to  be  in- 
ducible by  e-napthoflavone  (6-NF)  in  certain  mouse  strains  only.  In  a  project 
in  collaboration  with  Dr.  Eleanor  Deschner  of  this  Institute,  BP  administered 
intrarectally  to  mice  was  found  to  have  a  significant  cytotoxic  effect;  24 
hours  after  administration  of  1  mg  BP,  the  number  of  pyknotic  cells  per  25 
crypts  was  elevated  to  52.6  ±  14.9  compared  to  22.3  ±  6.6  in  controls. 
Furthermore,  treatment  with  an  inducing  dose  of  6-NF  24  hours  before  appli- 
cation of  the  BP  afforded  significant  protection  from  the  BP's  cytotoxic 
effects,  since  the  number  of  pyknotic  cells  was  reduced  to  31.8  ±  10.4. 
These  findings  demonstrate  that  BP  in  the  colonic  contents  can  have  a  local 
cellular  effect,  and  that  this  action  can  be  modified  by  a  gene-regulated 
induction  process. 

The  ability  of  colonic  cell  homogenates  from  g-NF-induced  mice  to  generate 
biologically  active  derivatives  of  BP  was  investigated.  Of  the  water-soluble 
products,  39.8  ±  3.3%  were  found  to  be  nondialyzable  and  presumed  bound  to 
macromolecules.  The  ethyl  acetate-soluble  products  were  analyzed  by  high 
performance  liquid  chromatography.  Of  these,  68%  were  phenols  (co-chromato- 
graphing  with  3-OH-BP  and  9-OH-BP),  which  are  believed  to  be  noncarcinogenic 
substances  on  a  detoxification  pathway.  However,  the  proximate  carcinogenic 
form  of  BP,  the  7,8-diol,  was  also  consistently  formed  in  small  amounts 
(5.6  ±  0.6%  of  total)  as  was  the  9,10,-BP-diol  (1.3  ±  0.4%).  Thus  epoxida- 
tion  at  both  the  7,8-  and  9,10-positions  could  occur. 
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Three  surgical  colonic  mucosa  specimens,  obtained  from  familiar  polyposis 
patients  with  the  cooperation  of  Dr.  M.  Lipkin,  were  assayed  for  BP  metabolism. 
Alkali-soluble  product  formation  was  highly  variable,  but  water-soluble  pro- 
ducts were  consistent:  62  ±  8  pg  BP  metabolized  per  mg  protein  per  40 
minutes. 

In  an  extensive  series  of  experiments  employing  C57BL/6  mice,  the  contractor 
examined  the  effect  of  different  diet  composition  on  B-NF-induced  BP  meta- 
bolism in  colon.  The  following  additives  or  variables  were  found  to  be  with- 
out effect:  various  concentrations  of  corn  oil  or  olive  oil,  addition  of  bulk 
material  (agar,  alphacel,  bran,  corn  meal),  and  omission  of  protein  for  one 
week.  Omission  of  vitamins  resulted  in  reduced  enzyme  activity  in  some  cases; 
this  possibility  is  being  explored  further. 

2.  Dimethylnitrosamine  demethylase  --  A  study  of  induction  of  DMN  demethylase 
activity  in  mouse  liver  has  been  completed,  as  preliminary  to  a  similar  in- 
vestigation for  colon.   DMN  demethylase  was  found  to  be  induced  in  mouse  liver 
by  polychlorinated  biphenyls  and  methylcholanthrene,  even  when  a  low  concen- 
tration of  substrate  was  used  for  the  assay.  Technical  aspects  important  to 
the  enzyme  assay  and  data  analysis  were  elucidated. 

Further  experiments  have  confirmed  the  existence  of  DMN  demethylase  activity 
in  microsomes  derived  from  whole  colon  homogenates.  This  is  a  particularly 
interesting  finding  in  light  of  the  specific  ability  of  the  activated  ester 
of  DMN  to  cause  colon  tumors. 

3.  Formation  of  benzylmethylnitrosamine  (NBMA)  by  Candida  --  In  a  related 
project  in  collaboration  with  Dr.  C.  C.  Hsia,  it  was  demonstrated  that  Candida 
albicans,  a  sometime  human  pathogen,  causes  formation  of  the  gastrointestinal 
tract  carginogen  (NBMA)  from  its  precursors,  benzylmethylamine  and  nitrite, 
during  in  vitro  culture.  Both  reduced  pH  due  to  fungal  metabolites,  and  a 
cell-mediated  mechanism  requiring  live  fungi,  were  involved  in  this  process. 
This  is  of  interest  in  the  context  of  colon  cancer  because  of  diet-dependent 
variation  in  microbe  profile  in  the  colonic  contents. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
New  findings  provide  additional  evidence  that  environmental  PAHs  such  as  BP 
should  be  seriously  considered  as  human  colon  carcinogens.  Both  macromolecular 
binding  of  BP  and  enzymatic  production  of  the  putative  proximate  carcinogenic 
form  of  BP  by  mouse  colonic  mucosa  homogenates  were  demonstrated.  Both  a 
direct  effect  of  BP  on  colon  mucosal  cells  in  situ  and  a  gene-dependent  mecha- 
nism for  reducing  this  effect  were  observed.  Results  with  human  biopsy  speci- 
mens confirmed  results  obtained  by  others  with  cultured  material,  that  human 
colonic  mucosal  cells  can  metabolize  BP.  These  data  together  indicate  the 
need  for  further  study  of  BP  as  a  colon  carcinogen. 

The  ability  of  colon  microsomes  to  metabolize  DMN  is  of  particular  interest 
in  light  of  recent  demonstrations  by  others  of  both  nitroso  compounds  and 
nitrite  in  human  colon  contents,  and  of  the  carcinogenic  effectiveness  of  the 
activated  form  of  DMN  in  the  colon.  Further  information  of  the  metabolism  of 
DMN  by  colon  would  clearly  be  of  use  in  evaluating  the  role  of  this  carcinogen 
in  human  colon  cancer  risk. 

Demonstration  of  the  catalysis  of  formation  of  benzylmethylnitrosamine  by 
Candida  albicans  is  of  interest  in  light  of  the  occurrence  of  this  microbe  in 
the  lower  gastrointestinal  tract.  This  fungus  and  other  fungi  and  bacteria 
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inhabiting  the  colon  may  generate  in  situ  nitroso  compounds  which  are  carcino- 
genic to  the  colon.  The  known  high  sensitivity  of  rodent  colons  to  carcino- 
genesis by  nitroso  compounds  underscores  the  importance  of  further  exploration 
of  this  possibility. 

Proposed  Course: 

1.  Benzpyrene  --  The  study  currently  in  progress  on  the  effects  of  diet 
composition  on  basal  and  induced  BP  metabolism  in  mouse  colon  will  be  com- 
pleted, and  any  interesting  differences  that  are  uncovered  will  be  pursued 
further.  BP  is  being  assayed  as  an  intrarectal  carcinogen  in  the  mouse,  and 
the  effect  of  B-NF  treatment  on  the  process  evaluated.  Additional  deter- 
minations with  human  surgical  specimens  will  be  made. 

2.  Dimethylnitrosamine  —  More  intensive  efforts  will  be  made  to  characterize 
and  analyze  colonic  microsomal  DMN  demethylase  activity,  with  regard  to 
effects  of  induction,  age,  sex,  genetic  strain,  diet,  and  to  biochemical 
characteristics.  The  catalysis  of  DNA  adducts  of  DMN  will  be  investigated 

in  this  system. 

3.  N^(methylnitroso)adenosine  --  In  an  earlier  phase  of  this  project  it  was 
found  that  this  carcinogen  is  rather  extensively  metabolized  by  colon.  The 
contractor  will  return  to  this  topic  and  obtain  quantitative  information  on 
the  nature  of  the  metabolic  products  formed. 

4.  Benzylmethylnitrosamine  --  Current  studies  involving  C.  albicans  in  culture 
will  be  completed.  Attempts  will  be  made  to  demonstrate  a  similar  nitrosation 
in  the  colonic  contents  of  rats  and  mice.  If  this  is  successful,  the  meta- 
bolism of  NBMA  by  colonic  mucosal  cells  will  be  analyzed. 

This  contract  terminates  September  29,  1980. 

Date  Contract  Initiated:  September  30,  1977 
Current  Annual  Level :   0 

SOUTHERN  RESEARCH  INSTITUTE  (NOl-CP-55721) 

Title:  Metabolism  of  Carcinogenic  Compounds 

Contractor's  Project  Director:  Dr.  Donald  L.  Hill 

Project  Officer  (NCI):  Dr.  Elizabeth  Weisburger 

Objectives :  To  synthesize  or  otherwise  acquire  six  designated  carcinogens 
labeled  with  carbon-14  and  to  study  the  metabolic  pathways  of  these  compounds 
in  rats  in  attempts  to  determine  their  mechanisms  of  action. 

Major  Findings:  In  the  presence  of  glutathione,  1,2-dibromoethane  is  con- 
verted to  a  more  reactive  compound  by  an  enzyme  present  in  the  soluble  por- 
tion of  rat  liver.  Radioactivity  becomes  bound  to  polycytidylic  acid. 
Following  digestion  of  the  product  with  phosphodiesterase  and  alkaline  phos- 
phatase, a  compound  of  low  molecular  weight  is  liberated.  Whereas  the  pro- 
duct of  the  glutathione-requiring  reaction  became  bound  preferentially  to 
polycytidylic  acid,  that  produced  by  a  microsomal  oxidase  bound  more  favor- 
ably to  protein  in  the  reaction  system. 
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On  incubation  in  a  mocrosomal  system  containing  (^'^C)4-chloro-2-methylaniline 
and  NADPH,  radioactivity  becomes  bound  to  added  synthetic  polynucleotides. 
Polyadenylic  and  polyguanylic  acids  are  more  effective  as  acceptors  than 
polycytidylic  and  polyuridylic  acids. 

In  studies  involving  the  Ames  mutagenicity  assay,  2,4,6-trimethylaniline  is 
mutagenic  to  Salmonella  typhimurium  after  activation  by  rat  or  mouse  liver 
microsomes.  4-Chloro-2-methylaniline,  Michler's  ketone,  and  reduced  Michler's 
ketone  are  not  mutagenic. 

Radioactivity  from  (carbonyl-^'+C)Michler 's  ketone  becomes  bound  to  the  pro- 
teins in  livers  of  rats  treated  with  this  agent.  Induction  of  microsomal 
enzymes  leads  to  increased  binding.  When  rats  are  pretreated  with  pheno- 
barbital,  binding  to  DNA  in  liver  and  kidney,  to  RNA  of  liver,  and  to  pro- 
teins of  liver,  kidney,  large  intestine,  and  small  intestine  is  observed. 

In  a  microsomal  system,  radioactivity  from  (carbonyl-^'^C)Michler's  ketone 
becomes  bound  to  macromolecules  present  in  the  system.  The  reaction  is 
dependent  upon  NADPH,  and  the  rate  increases  when  microsomes  from  phenobar- 
bital-pretreated  rats  are  used. 

The  following  soluble  products  of  this  system  have  been  identified: 
unsymmetrical  didemethyl-flichler 's  ketone  (major),  tridemethyl-Michler's 
ketone  (intermediate),  monodemethyl -Michler's  ketone  (minor),  symmetrical 
didemethyl -Michler's  ketone  (minor),  and  tetrademethyl-Michler's  ketone 
(minor). 

Microsomal  metabolites  of  reduced  Michler's  ketone  were  identified  as  the 
mono-,di- ,tri- ,  and  tetrademethylated  compounds.  The  major  product  was  the 
tridemethylated  derivative.  Of  a  dose  (10  mg/kg)  of  reduced  Michler's  ke- 
tone administered  intravenously  to  rats,  only  37o   of  the  unchanged  compound 
appeared  in  the  bile  in  24  hours.  In  the  bile,  metabolites  (27%  of  the  dose) 
were  predominant. 

The  major  metabolite  of  Michler's  ketone  present  in  the  urine  of  dosed  rats 
is  4-acetylamino-4'-dimethylamino-3' -hydroxybenzophenone;  minor  metabolite 
is  4-acetylamino-4' -dimethyl aminobenzophenone.  Both  of  these  compounds  are 
further-metabolized  products  of  the  major  microsomal  metabolite. 

Several  urinary  metabolites  of  reduced  Michler's  ketone,  which  are  formed  by 
demethylation  and  (for  some)  N-acetylation,  have  been  tentatively  identified. 
About  half  of  the  radioactivity  from  a  dose  of  Michler's  ketone  was  excreted 
in  the  bile  of  rats  in  24  hours.  Metabolic  products  present  have  been  iden- 
tified as  partially-demethylated,  ring-hydroxylated,  and  N-acetylated  deriva- 
tives. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Elucidation  of  the  enzymatic  processes  of  activation  and  mechanisms  of  action 
of  carcinogens  present  in  the  human  environment  will  allow  steps  to  be  taken 
to  inhibit  formation  of  active  metabolites,  to  induce  detoxifying  enzymes,  or 
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to  provide  receptor  substances  that  prevent  binding  of  the  active  species  to 
cellular  macromolecules.  Such  inhibitors  and  inducers  would  be  candidate 
anti carcinogens. 

Proposed  Course:  To  continue  investigations  on: 

1.  The  nature  of  urinary  and  microsomal  metabolites  of  the  six  designated 
carcinogens. 

2.  The  enzymes  involved  in  carcinogen  metabolism  and  activation. 

3.  The  mechanism  of  binding  of  activated  metabolites  to  macromolecules. 

Date  Contract  Initiated:  September  30,  1975 
Current  Annual  Level :   $128,000 

SOUTHWEST  FOUNDATION  FOR  RESEARCH  AND  EDUCATION  (NOl-CP-33379) 

Title:  Study  of  Hormonal  Factors  of  the  Human  and  Animal  Prostate 

Contractor's  Project  Director:  Dr.  Sydney  A.  Shain 

Project  Officer  (NCI):  Dr.  Carl  E.  Smith 

Objectives:  The  relationship  between  aging-associated  changes  in  endocrine 
regulation  of  prostate  function  and  the  pathogenesis  of  prostate  adenocar- 
cinoma is  ill-defined  and  poorly  understood.  The  original  principal  objec- 
tives of  this  program  have  been  the  interage  and  interspecific  evaluation  of 
prostate  androgen  metabolism,  and  the  cellular  content,  distribution,  and 
specificity  of  prostate  androgen  receptors  in  normal,  lesion-free  (from  aged 
subjects)  and  neoplastic  specimens  of  rodent,  canine,  and  human  prostate. 
Our  subsequent  demonstrations  of  specific  aging-related  changes  in  these 
intracellular  regulators  of  prostate  epithelial  cell  function  and  identifi- 
cation of  spontaneous  (70%  frequency  in  rats  greater  than  30  months  of  age) 
microscopic  adenocarcinomas  of  the  senescent  AXC  rat  ventral  prostate  led 
to  the  proposal  of  a  model  for  studying  factors,  which  may  be  promoters  of 
prostatic  carcinogenesis. 

Major  Findings: 

1.  Characterization  of  androgen  receptor  content  and  distribution  in  normal 
and  adenocarcinomatous  human  prostate.  --  Androgen  receptors  were  demon- 
strable in  human  benign  prostatic  hyperplasia  obtained  by  open  prostatic 
enucleation,  in  human  prostate  obtained  at  cystoprostatectomy  for  bladder 
cancer,  in  histrolgically  "normal"  and  adenocarcinomatous  prostate  specimens 
from  the  same  gland  obtained  at  radical  prostatectomy  for  prostatic  adeno- 
carcinoma, in  lymph  node  metastases  of  prostatic  adenocarcinoma,  and  in 
needle  biopsies  of  human  prostatic  adenocarcinoma.  Mean  androgen  receptors 
content  (fmoles/g)  of  carcinomatous  human  prostate,  2616  ±  447(mean  ±  SEM), 
was  not  significantly  different  from  that  of  noncarcinomatous  human  prostate, 
2245  ±  159  (mean  ±  SEM),  implying  that  androgen  receptors  may  not  be  dimi- 
nished in  carcinomatous  human  prostate.  However,  careful  examination  of  the 
data  suggests  that  prostatic  androgen  receptor  content  may  be  reduced  in  car- 
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cinomatous  tissue,  and  that  comparison  of  group  mean  receptor  content 
(fmoles/g  or  fmoles/100  ug  DNA)  may  obscure  differences.  First,  total 
androgen  receptor  content  (fmoles/lOO  yg  DNA)  of  carcinomatous  prostate 
specimens  was  reduced  31.6,  11.6,  3.2,  58.6,  and  30.3  percent  when  compared 
to  receptor  content  in  noncarcinomatous,  matched  prostate  specimens  from 
five  patients.  The  differences  were  not  attributable  to  diminished  epithelial 
cell  content  of  the  carcinomatous  specimens  because  epithelial  cell  content 
of  these  specimens  was  either  equivalent  to  or  greater  than  that  of  the 
matched  noncarcinomatous  specimen.  Second,  for  this  select  group  of  patient 
specimens,  mean  androgen  receptor  content  (fmoles/100  yg  DNA)  of  carcinoma- 
tous prostate  tissue  was  significantly  reduced  when  compared  to  noncarcino- 
matous tissues  from  the  same  prostates.  Third,  of  the  two  metastatic  nodal 
specimens  analyzed,  the  tissue  containing  the  greater  number  of  neoplastic 
prostatic  epithelial  cells  had  lower  androgen  receptor  content. 

The  diversity  of  tissue  types  used  for  prostatic  androgen  receptor  analyses 
permitted  the  contractor  to  attempt  to  determine  whether  receptor  content  was 
related  to  specimen  cellularity.  They  found  a  linear  relationship  between 
total  androgen  receptor  content  and  epithelial  cell  content  of  human  prostate 
specimens  composed  of  glandular  hyperplasia  or  mixed  glandular  and  stromal 
hyperplasia.  However,  the  strength  of  the  correlation  (r  =  0.579)  suggested 
that  tissue  component(s)  other  than  the  glandular  epithelium  contained  andro- 
gen receptors.  Two  observations  suggested  that  the  interstitium  may  be  a 
significant  source  of  androgen  receptors.  First,  the  regression  analysis 
indicated  that  the  mean  androgen  receptor  content  of  the  interstitium  of 
these  specimens  was  725  fmoles  receptor/g  tissue.  Second,  androgen  receptor 
content  of  prostate  specimens  principally  composed  of  stromal  hyperplasia 
(greater  than  90  percent  stromal  elements,  4  patients)  was  two-  to  threefold 
greater  than  the  value  predicted  by  the  data  for  prostate  specimens  composed 
of  either  glandular  hyperplasia  or  mixed  glandular  and  stromal  hyperplasia. 
These  data  indicate  that  prostatic  interstitium  is  a  source  of  androgen 
receptors. 

2.  Carcinogenesis  in  medroges tone-induced  precocious  prostatic  senescence  in 
the  AXC  rat.  --  The  contractor  is  evaluating  the  generally  held  concept  that 
prostatic  carcinogenesis  occurs  in  an  environment  of  diminished  metabolic 
activity  which  enhances  neoplastic  transformation  of  atrophic  prostatic  epi- 
thelium. Four  subject  groups  have  been  used  in  the  experiment: 

(a)  Control  rats  which  received  empty  silastic  implants. 

(b)  Control  rats  which  received  medrogestone-containing  silastic  implants. 

(c)  Control  rats  which  received  empty  silastic  capsules  and  also  received 
a  3-methylcholanthrene  pellet  in  one  lobe  of  the  ventral  prostate. 

(d)  Experimental  rats  which  received  medrogestone-containing  silastic 
implants  and  additionally  received  a  3-methylcholanthrene  pellet  in  one  lobe 
of  the  ventral  prostate. 

The  duration  of  the  experiment  was  280  days  which  included  190  days  of  treat- 
ment with  methyl cholanthrene  prior  to  sacrificing  the  rats. 

Medrogestone  treatment  had  no  effect  upon  body  weight  gain,  and  diminished 
ventral  and  dorsolateral  prostate  and  seminal  vesicle  wet  weight  as  antici- 
pated. Variations  in  testicular  weight  probably  were  not  physiologically 
significant.  Pituitary  wet  weight  was  significantly  decreased  in  rats  of  the 
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control/methyl cholanthrene  treatment  group.  These  data  are  consistent  with 
the  contractors  previously  documented  development  of  precocious  senescence 
in  AXC  rat  prostate.  The  precentage  of  rats  in  each  treatment  group  which 
developed  gross  prostatic  tumors  were:  control,  0;  medrogestone,  0;  med- 
rogestone/methylcholanthrene,  37.0;  and  control/methylcholanthrene,  44.4. 
Although  these  data  are  a  preliminary  in  that  they  do  not  include  possible 
microscopic  tumors,  this  analysis  suggests  that  diminished  physiologic  func- 
tion does  not  enhance  3-methylcholanthrene  prostatic  carcinogenesis.  Processing 
and  histologic  analysis  of  all  of  the  ventral  prostate  tissues  and  plasma 
testosterone  analyses  are  in  progress. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  elucidation  of  alterations  in  prostatic  homeostasis  which  may  be  related 
to  pathogenesis  of  prostatic  adenocarcinoma  will  facilitate  determination 
of  possible  causes  of,  and  provide  for  development  of,  methodology  for  early 
detection  of  risk  of  prostatic  adenocarcinoma.  Identification  of  causative 
factors  will  allow  for  rational  endocrine  manipulation  in  an  attempt  to 
reduce  the  incidence,  mortality,  and  morbidity  of  prostatic  cancer. 

Proposed  Course:  With  the  completion  of  current  experiments,  the  objectives 
of  this  program  will  be  achieved.  This  program  was  concluded  on  February  29, 
1980. 

Date  Contract  Initiated:  June  1,  1973 

Current  Annual  Level :   0 

STOCKHOLM,  UNIVERSITY  OF  (NOl-CP-33363) 

Title:  Study  of  Polycyclic  Hydrocarbon  Metabolism  in  the  Respiratory  Tract 

Contractor's  Project  Director:  Dr.  Lars  Ernster 

Project  Officer  (NCI):  Dr.  Marcia  D.  Litwack 

Objectives:  The  objective  of  this  contract  is  to  define  the  relationship 
between  metabolism  of  polycyclic  hydrocarbons  and  pulmonary  neoplasia. 
Specific  aims  are: 

1.  The  determination  of  the  cellular  distribution  of  aryl  hydrocarbon 
monooxygenase  and  of  its  substrates  and  products  in  pulmonary  tissue. 

2.  Subcellular  fractionation  of  lung  cells  and  subcellular  localization  of 
aryl  hydrocarbon  monooxygenase  activity. 

3.  Development  and  employment  of  a  highly  sensitive  assay  for  aryl  hydro- 
carbon monooxygenase,  including  studies  of  tissue  disruption  to  optimize 
enzymatic  activity  accessible  to  assay. 

4.  Dissociation  of  the  cells  of  the  lung  and  isolation  of  individual  cell 
types. 

5.  Characterization  of  the  lung  aryl  hydrocarbon  monooxygenase  system, 
including  induction  of  this  system,  identification  of  the  metabolites  of 
polycylic  hydrocarbons  in  pulmonary  tissue,  and  characterization  of  the 
binding  of  these  metabolites  to  DNA. 
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6.  Isolation  and  characterization  of  lung  cytochrome  P-450. 

7.  Improvement  of  the  assay  for  pulmonary  epoxide  hydratase  activity  and 
characterization  of  this  enzyme  in  much  the  same  manner  as  aryl  hydrocarbon 
monooxygenase  was  characterized. 

8.  Improvement  of  the  assay  for  pulmonary  glutathione  S-epoxide  transferase 
and  isolation  and  characterization  of  this  enzyme. 

9.  Studies  on  polycyclic  hydrocarbon  metabolism  in  isolated  intact  hepato- 
cytes  and  lung  cells. 

10.  Studies  on  the  manner  in  which  reactive  metabolites  of  polycyclic 
hydrocarbons  travel  from  the  site  of  generation  to  the  "target  site". 

11.  Initial  studies  on  the  metabolism  of  polycyclic  hydrocarbons  in  human 
lung  and  skin. 

Major  Findings:  Great  progress  has  been  made  in  obtaining  functionally 
intact  isolated  rat  liver  cells  by  first  perfusing  the  liver  with  an  oxygen- 
ated solution  of  collagenase.  It  has  been  demonstrated  that  these  isolated 
intact  hepatocytes  provide  a  good  preparation  for  studying  the  metabolism 
of  drugs  and  other  xenobiotics,  such  as  benzpyrene,  under  near  in  vivo  con- 
ditions. 

A  number  of  methods  for  the  effective  homogenization  of  isolated  hepatocytes 
have  been  tested,  and  two  gave  acceptable  results.  The  first  of  these 
involves  subjecting  the  cells  to  the  pressure  of  not  more  than  1,000  psi 
under  a  nitrogen  atmosphere.  After  saturation  of  the  aqueous  phase  with 
nitrogen,  the  pressure  is  released  slowly  while  stirring  the  medium.  Cells 
which  remain  unbroken  are  collected  by  centrifugation  and  subjected  to  the 
same  procedure  again.  The  procedure  is  repeated  four  times,  after  which 
60%  of  the  cells  are  broken  and  the  homogenate  can  be  subfractionated  using 
routine  procedures.  Individual  subfractions  obtained  have  about  the  same 
recovery  and  purity  as  those  obtained  after  homogenization  of  the  whole 
liver.  Since  this  procedure  is  tedious,  another  procedure  for  disrupting 
hepatocytes  with  sonication  using  low  output  has  been  developed.  However, 
subfractions  isolated  from  this  preparation  are  not  of  high  purity.  The 
purity  of  microsomal  vesicles  arising  from  the  endoplasmic  reticulum  can 
be  greatly  improved  by  aggregating  these  vesicles  with  Mg++  and  then  sedi- 
menting  them  with  centrifugal  forces  which  do  not  sediment  contaminating 
outer  mitrochondrial  membranes,  plasma  membranes,  and  Golgi  vesicles. 

These  procedures  promise  to  be  very  useful  in  investigations  of  drug  meta- 
bolism using  intact  hepatocytes.  In  addition,  these  cells  are  being  used 
to  study  other  processes  under  near  in  vivo  conditions. 

A  new  inducer  of  drug-metabolizing  enzymes,  trans-stilbene  oxide,  has  been 
studied.  Whereas,  phenobarbital  and  methylcholanthrene  preferentially  induce 
the  cytochrome  P-450  system  (Phase  I  reactions),  trans-stilbene  oxide  pre- 
ferentially induces  Phase  II  reactions.  Thus,  after  treatment  of  rats  with 
this  new  inducer,  microsomal  cytochrome  P-450  is  increased  120%  above  control, 
microsomal  epoxide  hydratase  is  increased  600%,  and  the  activity  of  cyto- 
plasmic glutathione  S-transferase  measured  with  two  different  substances  is 
increased  300-400%.  At  the  same  time,  mitrochondrial,  lysosomal,  plasma 
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membrane,  and  other  cytoplasmic  enzymes  are  not  effected  by  this  treatment. 
The  rate  of  this  type  of  induction  in  determining  the  toxicity  and  carcino- 
genicity of  xenobiotics  such  as  benzpyrene  remains  to  be  determined. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Many  of  the  foreign  compounds  which  enter  the  human  body  do  so  through  the 
lungs.  Among  these  are  the  polycyclic  hydrocarbons,  which  may  be  major 
causes  of  some  human  cancers.  The  principal  pathway  for  metabolism  of  the 
polycyclic  hydrocarbons  in  mammalian  tissues  involves  the  inducible  enzyme 
system  aryl  hydrocarbon  monooxygenase,  epoxide  hydrase,  and  glutathione 
S-epoxide  transferase.  This  contract  has  been  directed  towards  a  detailed 
understanding  of  the  nature  and  function  of  these  enzymes  and  their  rela- 
tionship to  carcinogenesis  in  the  respiratory  tract. 

Proposed  Course:  Contract  terminated  December  24,  1979 

Date  Contract  Initiated:  June  25,  1973 

Current  Annual  Level :      0 

VIRGINIA  POLYTECHNIC  INSTITUTE  AND  STATE  UNIVERSITY  (NOl-CP-55685) 
Title:  Relationship  of  Fecal  Neutral  Sterols  to  Large  Bowel  Cancer  Risk 
Contractor's  Project  Director:  Dr.  Tracy  D.  Wilkins 
Project  Officer  (NCI):  Dr.  Carl  E.  Smith 

Objectives : 

1.  To  analyze  neutral  steroids,  long-chain  fatty  acids,  and  fecal  mutagen 
in  the  feces  of  populations  at  low  and  high  risk  for  colon  cancer  to  deter- 
mine a  possible  relationship  among  them. 

2.  To  determine  if  the  intestinal  microflora  has  a  role  in  the  production 
or  alteration  of  fecal  mutagens. 

Major  Findings:  The  feces  of  some  normal  humans  were  previously  shown  to  be 
mutagenic  in  the  Salmonella  assay  with  strain  TA-IOO.  We  have  found  that 
the  mutagenicity  of  the  fecas  of  certain  donors  can  be  increased  up  to  twenty- 
fold  by  anaerobic  incubation  for  prolonged  periods  of  time.  The  increase 
in  mutagenicity  did  not  occur  upon  incubation  in  the  cold  or  in  air,  after 
sterilization  by  heat,  or  in  the  presence  of  a  combination  of  antimicrobial 
agents.  The  total  viable  count  of  anaerobic  and  facultative  bacteria  after 
seven  days  of  anaerobic  incubation  was  0.01%  of  the  number  originally  present. 
This  suggested  that  the  mutagenic  activity  might  be  inside  the  cells  and 
released  as  they  die.  However,  mechanical  breakage  of  the  cells  in  a  fresh 
fecal  sample  did  not  release  mutagenicity.  It  seems  likely  that  the  anaerobic 
fecal  flora  is  involved  in  mutagen  production.  If  the  component  of  the  fecal 
flora  involved  is  bacterial,  the  species  involved  are  probably  present  in 
low  numbers  in  a  fresh  fecal  sample,  since  mutagen  production  occurred  during 
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a  decrease  in  total  viable  count.  The  bacteria  responsible  for  production 
of  the  mutagen  could  have  increased  in  number  during  incubation,  and  the 
increase  could  not  have  been  detected. 

The  mutagen  produced  during  anaerobic  incubation  was  characterized  by  thin- 
layer  chromatography  (TLC)  on  silica  gel  in  four  different  solvent  systems. 
The  location  of  the  mutagen  on  the  plate  was  determined  by  assaying  extracts 
of  fractions  of  the  plate  with  the  Ames  Test.  Mutagenic  activity  was  found 
only  in  one  2  cm  horizontal  fraction  of  each  TLC  plate.  The  relative  mobility 
of  mutagen  extracted  from  the  anaerobically  incubated  feces  of  three  donors 
and  from  the  non-incubated  feces  was  the  same  in  any  one  of  the  four  solvent 
systems. 

The  ultraviolet  absorption  spectrum  of  the  mutagenic  extracts  from  the  thin- 
layer  plate  has  peaks  at  about  320,340,  and  365  nm  in  methylene  chloride 
and  was  the  same  found  by  W.  R.  Bruce  (personal  communication)  for  fecal 
mutagen.  These  data  suggest  that  the  in  vitro  incubation  produced  the  same 
compound  as  that  produced  in  the  colon,  and  is  the  first  demonstration  that 
a  mutagenic  and  possibly  carcinogenic  compound  is  produced  at  the  site  of 
action. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Colon  cancer  is  a  common  disease  resulting  in  approximately  50,000  deaths 
per  year  in  the  United  States.  Despite  this  prevalence,  little  is  known 
about  the  causes  of  this  cancer.  One  major  problem  in  colon  cancer  research 
is  that  the  active  carcinogen(s)  have  not  been  identified.  The  contractor 
has  been  concentrating  their  research  effort  on  a  mutagenic  compound(s)  that 
can  be  isolated  from  feces  which  may  be  more  directly  related  to  colon  cancer 
risk  than  neutral  steriods,  fatty  acids,  or  bile  acids.  The  ability  to 
increase  the  amount  of  mutagen  in  the  feces  of  selected  donors  by  anaerobic 
incubation  will  permit  determination  of  the  structure  of  the  mutagen,  and 
possibly  the  identification  of  an  environmental  precursor.  If  the  mutagen 
is  related  to  the  etiology  of  colon  cancer,  its  presence  might  be  an  in- 
dicator of  risk  for  the  disease.  The  involvement  of  anaerobic  bacteria  in 
the  in  vitro  production  of  mutagen  suggests  that  if  the  responsible  species 
can  be  identified,  appropriate  antimicrobial  agents  might  be  used  to  prevent 
the  occurrence  of  the  disease. 

Proposed  Course:  The  contractor  is  in  the  process  of  trying  to  isolate  the 
bacteria  responsible  for  production  of  the  mutagen.  He  will  screen  the 
bacteria  present  after  anaerobic  incubation,  and  also  try  to  develop  selec- 
tion techniques  such  as  incubation  in  selective  media  and/or  incubation  in 
the  presence  of  antibiotics.  A  growth  medium  will  be  developed  for  isolated 
organisms  in  which  they  will  produce  mutagen,  as  well  as  developing  a  simple 
method  for  extracting  these  cultures  to  detect  mutagen  production  using  high 
performance  liquid  chromatography.  This  work  will  be  continued  until  the 
termination  of  the  contract  on  May  31,  1980. 

Date  Contract  Initiated:  June  1,  1975 

Current  Annual  Level :   0 
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CHEMICAL  AND  PHYSICAL  CARCINOGENESIS  BRANCH 
GRANTS  ACTIVE  DURING  FY  80 
CARCINOGENESIS  MECHANISMS 


Investigator/ Institution/Grant  Number 

ALWORTH,  William  L. 

Tulane  University  of  Louisiana 

5  ROl  CA  23014-02 

ANDERSON,  John  N. 

Purdue  University  West  Lafayette 

1  ROl  CA  25799-01 

ARCHER,  Michael  C 
Ontario  Cancer  Institute 
1  ROl  CA  26651-01 

BECKER,  Frederick  F. 

University  of  Texas  System  Cancer  Center 

5  ROl  CA  20659-04 

BELMAN,  Sidney 

New  York  University 

5  ROl  CA  22890-02 


Ti  tl  e 

Modification  of  Mammalian  Epoxide 
Hydras e  Activity 


Conformation  of  Alpha-Fetoprotein 
Gene  in  Chromatin 


Mechanism  of  Nitrosamine  Alkyla- 
tion  of  DNA  and  RNA 


Analysis  of  Cellular  Events  in 
Chemical  Carcinogenesis 


Role  of  Proteases  in  Carcino- 
genesis and  Mutagenesis 


BERTRAM,  John  S. 

Roswell  Park  Memorial  Institute 

2  ROl  CA  18197-04 

BOYLAN,  Elizabeth  S. 
Queens  College 
5  ROl  CA  18458-05 

BRADA,  Zbynek 

Papanicolaou  Cancer  Research  Institute 

5  ROl  CA  23516-03 

BRAND,  K.  Gerhard 
University  of  Minnesota  of 
Minneapolis-St  Paul 
5  ROl  CA  10712-13 

BRESNICK,  Edward 
University  of  Vermont  and  State 
Agricultural  College 
5  ROl  CA  20711-05 


Mechanisms  of  Carcinogenesis  in 
Cell  Culture 


Fetal  Exposure  to  Hormones  and 
Mammary  Carcinogenesis 


Ethionine  Metabolism  in  Hyper- 
plastic Nodules  in  Liver 


Sequential  Cell  Studies  in 
Foreign  Body  Tumori genes  is 


Polycyclic  Hydrocarbon  Metabolism 
and  Carcinogenesis 
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BUHLER,  Donald  R. 
Oregon  State  University 
5  ROl  CA  22524-04 

COHEN,  Arthur  M. 

University  of  Southern  California 

5  ROl  CA  24518-03 

COLBY,  Howard  D. 

West  Virginia  University 

5  ROl  CA  22152-03 

CORBETT,  Michael  D. 
University  of  Miami 
2  ROl  CA  21992-04 

DAVIDSON,  Richard  L. 

Children's  Hospital  Medical  Center 

1  ROl  CA  26195-01 

DIAMOND,  Leila 

Wistar  Institute  of  Anatomy  and  Biology 

5  ROl  CA  08936-12 

EBBESEN,  Peter 
University  of  Copenhagen 
1  ROl  CA  26109-01 

EPSTEIN,  Samuel  S. 

University  of  Illionis  Medical  Center 

1  ROl  CA  24959-01 

EPSTEIN,  Samuel  S. 

University  of  Illinois  Medical  Center 

5  ROl  CA  21684-03 

ERNSTER,  Lars 
University  of  Stockholm 
1  ROl  CA  26261-01 

EVANS,  Michael  J, 
SRI  International 
5  ROl  CA  19354-03 

FIALA,  Emerich  S. 
American  Health  Foundation 
1  ROl  CA  26395-01 

FIALA,  Silvio  E. 
Shepherd  College 
5  ROl  CA  14084-07 


Metabolism  and  Toxicity  of 
Pyrrolizidine  Alkaloids 


Inhibition  of  Carcinogenesis  by 
Selenium 


Adrenal  Carcinogen  Metabolism 


Hydroxamic  Acid  Production  By 
Marine  Organisms 


Chemical  Mutagenesis  Mechanisms 
in  Mammalian  Cells 


The  Effect  of  Chemical  Carcinogens 
on  Cells  In  Vitro 


Senescence  of  Skin,  Leukemia  and 
Skin  Cancer 


Quantitative  Carcinogenesis  Pro- 
jection Between  Species 


Carcinogenicity  of  Orally  Admin- 
istered Asbestos 


Metabolism  of  Polycylic  Hydro- 
carbons and  Cancer 


Injury  and  Tumor  Formation  in  the 
Rat  Lung 


Single  Ring  Arylamine  Carcinogens 
Mechanism  of  Action 


The  Role  of  Carcinogen  in  Nucleic 
Acid  Metabolism 
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FLOYD,  Robert  A. 

Oklahoma  Medical  Research  Foundation 

5  ROl  CA  21542-03 

FLOYD,  Robert  A. 

Oklahoma  Medical  Research  Foundation 

5  ROl  CA  18591-05 

FRANK,  Arthur  L. 

Mount  Sinai  School  of  Medicine 

5  R23  CA  24271-02 

FRANKLIN,  Michael  R. 
University  of  Utah 
5  ROl  CA  15760-06 

GIBSON,  David  T. 
University  of  Texas  Austin 
5  ROl  CA  19078-05 

GOLD,  Avram 

University  of  North  Carolina 

Chapel  Hill 

1  ROl  CA  28622-01 

GOLD,  Barry  I. 

University  of  Nebraska  Medical  Center 

5  ROl  CA  24554-02 

GOLDMAN,  Peter 
Beth  Israel  Hospital 

2  ROl  CA  15260-07 

GREENBERGER,  Joel  S. 

Sidney  Farber  Cancer  Institute 

5  ROl  CA  25412-02 

GURTOO,  Hira  L. 

Roswell  Park  Memorial  Institute 

5  ROl  CA  25362-02 


Free  Radicals  in  Nitroso-unsatu- 
rated  Lipid  Reactions 


Carcinogen  Free  Radicals  in 
Aryl amine  Metabolism 


Mineral  Fiber  Size  and  Carcino- 
genicity In  Vitro 


Modification  of  Procarcinogen 
Enzymatic  Activation 


Microbial  Degradation  of  Carcino- 
genic Hydrocarbons 


Activation  of  Polycyclic  Environ- 
mental Mutagens 


Epoxidation  in  Chloro-olefin 
Carcinogenesis 


Carcinogen  Metabolism  By  Host 
Intestinal  Bacteria 


Stem  Cell  Age  and  X-ray/Chemo- 
therapy Leukemogenesis 


Genetics  of  Aflatoxin  Metabolism 
--  Role  in  Carcinogenesis 


GUTMANN.  Helmut.  R. 
University  of  Minnesota  of 
Minneapolis-St  Paul 
5  ROl  CA  02571-24 

GUTTENPLAN,  Joseph  B. 
New  York  University 
5  ROl  CA  19023-05 


Mechaniam  of  Action  of  Aromatic 
Amines  in  Cell  Culture 


Mechanism  of  Mutagenesis  and 
Carcinogenesis 
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HANRATTY,  William  P. 
University  of  California  Irvine 
5  ROl  CA  24488-02 

HARPER,  Curtis 

University  of  North  Carolina 

Chapel  Hill 

5  ROl  CA  21705-03 

HECHT,  Stephen  S. 
American  Health  Foundation 
5  ROl  CA  23901-02 

IRVING,  Charles  C. 
University  of  Tennessee 
Center  Health  Science 
1  ROl  CA  26165-01 

JIRTLE,  Randy  L. 
Duke  University 
1  ROl  CA  25951-01 

JUNGALWALA,  Firoze  B. 
Eunice  Kennedy  Shriver  Center 
for  Mental  Redardation,  Inc. 
5  ROl  CA  16853-05 

KAUFFMAN,  Frederick  C. 

University  of  Maryland  at  Baltimore 

5  ROl  CA  20807-03 

KENNEDY,  Ann  R. 
Harvard  University 
5  ROl  CA  22704-03 

LEVINE,  Walter  G. 
Yeshiva  University 
5  ROl  CA  14231-09 

LILL,  Patsy  H. 

University  of  South  Carolina 

at  Columbia 

5  ROl  CA  25361-02 

LOEPPKY,  Richard  N. 

University  of  Missouri  Columbia 

1  ROl  CA  26914-01 

LOEPPKY,  Richard  N. 

University  of  Missouri  Columbia 

5  ROl  CA  22289-03 


The  Controlled  Initiation  of 
Neoplasms  in  Drosophila 


Environmental  Organohalogens 
Lung  Toxicity 


Environmental  Nitrosamines  -- 
Metabolism  and  Carcinogenesis 


Conjugation  Reactions  in  Arylamine 
Carcinogenesis 


Survival  and  Carcinogenesis  in 
Transplanted  Hepatocytes 


Biochemical  Aspects  of  Experimental 
Brain  Tumors 


Pharmacology  of  Carcinogen 
Activation  in  Intact  Cells 


Radiation  and  Chemical  In  Vitro 
Malignant  Transformation 

Role  of  Metabolism  in  the  Biliary 
Excretion  of  Drugs 


Carcinogen  Induced  Facilitation 
of  Tumor  Growth 


Carcinogenesis:  Nitrosamine 
Formation  and  Inhibition 


Nitrosamine  Fragmentation  and 
Nitrosamine  Carcinogenesis 
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LOTLIKAR,  Prabhakar  D. 
Temple  University 
5  ROl  CA  10604-13 

MAGEE,  Peter  N. 
Temple  University 
5  ROl  CA  23451-03 


Mechanism  of  Chemical  Carcino- 
genesis 

Formation  and  Metabolism  of 
N-Nitroso  Compounds 


MALEJKA-GIGANTI,  Danuta 
University  of  Minnesota 
of  Minneapolis-St  Paul 
1  ROl  CA  28000-01 

MANDEL,  Richard 
Boston  University 
5  ROl-CA  27324-02 


Mammary  Carcinogenesis  By  AryL 
hydroxamic  Acids 


Additive  and  Synergistic  Effects 
of  Mutagens 


MARKLAND,  Francis  S.  Jr 
University  of  Southern  California 
1  ROl  CA  22910-OlAl 

MEDINA,  Daniel 

Baylor  College  of  Medicine 

5  ROl  CA  11944-09 

MIRVISH,  Sidney  S. 

University  of  Nebraska  Medical  Center 

5  ROl  CA  24776-02 

MOOLTEN,  Frederick  L. 
Boston  University 
5  ROl  CA  23534-02 

MOSES,  Harold  L. 
Mayo  Foundation 
5  ROl  CA  16816-05 

NAGASAWA,  Herbert  T. 
University  of  Minnesota 
of  Minneapolis-St  Paul 
5  ROl  CA  24078-02 

OLIVE,  Peggy  L. 

Johns  Hopkins  University 

5  ROl  CA  24519-03 


Characterization  of  Mammary 
Glucocorticoid  Receptor 


Chemical  Carcinogenesis  of 
Mouse  Mammary  Glands 


Mechanism  of  Liver  Carcinogenesis 
By  Two  Nitrosoureas 


Protective  Immunity  to  Chemical 
Carcinogens 


Mechanism  of  Chemical  Carcino- 
genesis In  Vitro 


Mutagenesis  of  Nitramines 
Vis-a-vis  Nitrosamines 


Activation  and  Reactivity  of 
Nitroheterocycles 


PAI6EN,  Beverly  J. 

Roswell  Park  Memorial  Institute 

5  ROl  CA  24270-02 

PAWLOWSKI,  Norman  E. 
Oregon  State  University 
5  ROl  CA  25766-02 


Genetic  Susceptibility  to  Lung 
Cancer 


Mechanisms  for  Biological  Activity 
of  Cyclopropenes 
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RAJEWSKY,  Manfred  F. 
University  of  Essen 
5  ROl  CA  20017-03 


Nervous  System-Specific  Chemical 
Carcinogenesis 


REICH,  Edward 
Rockefeller  University 
5  ROl  CA  08290-15 


Chemotherapeutic  Deoxynucleosides 
and  Other  Agents 


REINKE,  Lester  A. 
University  of  North  Carolina 
Chapel  Hill 
1  ROl  CA  28798-01 


Influence  of  Ethanol  on  Carcinogen 
Activation 


RICHARDSON,  Arlan  G. 
Illinois  State  University 
5  ROl  CA  24856-02 


Age-Related  Changes  in  Chemical 
Carcinogenesis 


RILEY,  Edgar  F. 
University  of  Iowa 
5  ROl  CA  26511-02 


Assay  of  Tumor  Induction  By  X-ray 
and  Drug  Modalities 


RUSSO,  Jose 

Michigan  Cancer  Foundation 

5  ROl  CA  23539-03 


Studies  of  Mammary  Gland 
Refractoriness  to  Cancer 


SCHWARTZ,  Arthur  G. 
Temple  University 
5  ROl  CA  14661-08 


Actions  of  Chemical  Carcinogens 
on  Cultured  Cells 


SCRIBNER,  John  D. 

Pacific  Northwest  Research  Foundation 

5  ROl  CA  23711-03 


Early  and  Critical  Events  in 
Chemical  Carcinogenesis 


SHETTY,  A.  Subbayya 
Florida  Agricultural  and 
Mechanical  University 
5  ROl  CA  18817-03 


Enzymatic  Detoxification  of 
Hydroxyanthranil ic  Acid 


SIMENHOFF,  Michael  L. 
Thomas  Jefferson  University 
1  ROl  CA  26571-01 


In  Vivo  Nitrosamines  and  Cancer  in 
Renal  Failure 


SIMS.  Peter 
University  of  London 
2  ROl  CA  21959-04 


Mechanisms  of  Activation  of  Poly- 
cyclic  Hydrocarbons 


SLAGA,  Thomas  J. 

University  of  Tennessee  Knoxville 

5  ROl  CA  20076-05 


Polycyclic  Hydrocarbon  Metabolism 
and  Binding  in  Skin 
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SOLT,  Dennis  B. 
Harvard  University 

1  ROl  CA  28620-01 

SOYKA.  Lester  F. 
University  of  Vermont  and 
State  Agricultural  College 
5  ROl  CA  19647-06 

SPECK,  William  T. 

Case  Western  Reserve  University 

5  ROl  CA  23692-03 

STERNSON,  Larry  A. 
University  of  Kansas  Lawrence 
5  ROl  CA  18615-04 

STILES,  Charles  D. 

Sidney  Farber  Cancer  Institute 

5  ROl  CA  22042-03 

STONING,  Terrance  A. 
Medical  College  of  Georgia 

2  ROl    CA  21481-04 

SUZUKI,  Yasunosuke 

Mount  Sinai  School  of  Medicine 

5  ROl  CA  24311-02 

TANNENBAUM,  Steven  R. 

Massachusetts  Institute  of  Technology 

1  ROl  CA  26156-01 

THURMAN,  Ronald  G. 
University  of  North  Carolina 
Chapel  Hill 
5  ROl  CA  23080-03 

VAN  DUUREN,  Benjamin  L. 
New  York  University 
5  ROl  CA  24124-02 

WALBORG,  Earl  F. ,  Jr. 
University  of  Texas  System 
Cancer  Center 
1  ROl  CA  27377-01 

WARSHAWSKY,  David 
University  of  Cincinnati 
5  ROl  CA  23515-03 


Sequential  Analysis  of  Oral 
Carcinogenesis 


Ontogenetic  Studies  of  Drug 
Metabol ism 


Carcinogenic  Potential  of 
Phototherapy 


Oximes  in  the  Study  of  Amine- 
Mediated  Carcinogenesis 


Role  of  Serum  in  the  Foreign  Body 
Response 


Metabolism  of  3-Methylcholanthrene 
in  Liver  and  Lung 


Pathogenesis  of  Experimental 
Malignant  Mesothelioma 


Carcinogenic  Nitrosamines  From 
Primary  Amines 


Pharmacology  of  Carcinogen 
Activation  in  Intact  Cells 


Carcinogenic  Acylating  Agents  and 
Mode  of  Action 


Membrane  Glycoproteins  During 
Hepatocarcinogenesis 


Pulmonary  Metabolism  of  the 
N-Heterocyclic  Aromatics 
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WEINKAM,  Robert  J. 

Purdue  University  West  Lafayette 

7  ROl  CA  28631-01 

WERTHER,  J.  Lawrence 

Mount  Sinai  School  of  Medicine 

5  ROl  CA  15541-05 

WHEELER,  Larry  A. 
University  of  California 
Los  Angeles 
5  ROl  CA  22249-03 

WITIAK,  Donald  T. 
Ohio  State  University 
5  ROl  CA  21371-03 

WONG,  Lan  K. 

University  of  Pittsburgh 

7  R23  CA  27928-01 

YANG,  Nien-Chu  C. 
University  of  Chicago 
5  ROl  CA  10220-12 


Chemotherapeutic  and  Carcinogenic 
Methlating  Agents 


Absorption  of  Carcinogens  and 
Mucosal  Barrier  Function 


Oral  Flora  and  Carcinogenesis  of 
Dental  Therapeutics 


Carcinogenic,  Mutagenic  and 
Cytotoxic  Mechanism  (DMBA) 


A  Comparative  Metabolism  Study 
of  PAH  Analogues 


Molecular  Mechanisms  of  Muta- 
genesis and  Carcinogenesis 


1 
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SUMMARY  REPORT 
CHEMOPREVENTION  PROGRAM 

The  chemopreventive  approach  to  cancer  prevention  recognizes  that  reduction 
or  elimination  of  human  exposure  to  environmental  carcinogens  and  promoters 
may  not  always  be  possible.  This  approach  seeks  to  inhibit,  reverse,  arrest, 
or  delay  the  carcinogenic  process  by  administration  of  selected  chemical 
compounds.  A  large  number  of  studies  on  experimental  animals  has  already 
demonstrated  inhibition  of  tumorigenesis  at  many  organ  sites  such  as  liver 
and  lung,  large  and  small  intestine,  breast,  skin,  bladder,  and  forestomach. 
Inhibition  has  been  shown  for  both  chemically-induced  and  radiation-induced 
cancers,  as  well  as  inhibition  of  the  so-called  spontaneously-arising  tumors. 
Furthermore,  chemopreventive  agents  have  suppressed  malignant  and  phenotypic 
transformation  in  culture  and  inhibited  both  UV-and  carcinogen-induced 
bacterial  mutagenesis. 

Retinoid  Program:  A  major  series  of  efforts  investigates  the  chemoprevention 
of  carcinogenesis  by  retinoids.  These  natural  and  synthetic  analogs  of 
vitamin  A  have  already  been  shown  to  inhibit  or  delay  the  development  of  in- 
vasive malignancy  in  well-defined  animal  models  of  epithelial  carcinogenesis 
in  skin,  lung,  breast,  and  bladder,  and  to  suppress  malignant  and  phenotypic 
transformation  in  culture  whether  caused  by  chemical  carcinogens,  ionizing 
radiation,  or  polypeptide  transforming  factors  derived  from  viral ly  transformed 
cells.  Effective  chemoprevention  of  epithelial  cancer  by  retinoids  will 
require  compounds  capable  of  arresting,  reversing,  or  otherwise  inhibiting 
the  carcinogenic  process  in  the  desired  target  organ  and  tissue,  while  at  the 
same  time,  providing  sufficiently  non-toxic  effects  upon  the  host.  Several 
contracts  are  devoted  to  retinoid  synthesis  for  this  purpose,  while  also 
providing  increased  knowledge  of  retinoid  pharmacokinetics  and  structure- 
function  relationships,  areas  still  in  rudimentary  stages  of  understanding. 
It  is  already  known,  however,  that  major  modifications  of  the  basic  retinoid 
structure  can  be  made,  in  either  the  ring,  side  chain,  or  polar  terminal  group 
and  still  retain  significant  biological  activity. 

A  new  approach  in  retinoid  analog  structures  combines  in  one  molecule  both 
retinoid  and  antioxidant  components.  At  the  University  of  Houston 
(NOl-CP-75935) ,  a  series  of  esters  and  amides  of  cis,  as  well  as  trans-retinoic 
acid  with  a  group  of  antioxidant  moieties  has  been  prepared.  Compounds  of 
this  type  theoretically  might  provide  an  additive  or  synergistic  effect. 
Although  the  actual  potential  of  such  compounds  in  chemoprevention  is  unknown, 
one  compound,  1 ,2-dihydro-6-retinoyloxy-2,2,4-trimethylquinoline,  has  shown 
high  activity  in  reversal  of  keratinization  in  the  tracheal  organ  culture 
bioassay  for  retinoids  of  possible  high  efficacy  in  chemoprevention. 

At  Columbia  University  (NOl-CP-75897)  a  versatile  synthesis  of  retinoids  has 
been  achieved  via  direct  condensation  of  the  entire  side-chain  to  cyclic 
ketones.  This  procedure  allows  access  to  retinoids  with  modified  or  drasti- 
cally different  ring  structures.  For  example,  two  compounds  have  been  synthe- 
sized recently  in  which  the  1 ,1 ,5-trimethyl-cyclohex-5-ene  ring  of  the 
retinoid  molecule  has  been  replaced  with  either  cholesteryl  or  estryl  moieties, 
respectively.  These  retinoids  offer  the  possibility  that  the  steroid  nucleus 
may  favorably  affect  the  pharmacokinetics  of  these  compounds. 
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Significant  efforts  in  retinoid  synthesis  continue  at  SRI  International 
(NOl-CP-75931 )  involving  both  steric  and  electronic  modifications  in  the 
ring,  side  chain  and  polar  terminus  of  the  retinoid  skeleton.  Analogs  have 
been  prepared  in  which:  (1)  the  3-cycl ogeranyl idene  ring  has  been  replaced 
by  2-norbornyl ,  1 ,1 -dimethyl -5-methyl -^H^-cyclohex-5-en-5-yl -4, 4-2H2and 
1  ,l-dimethyl-4,4-ethano-5-methylcyclohex-5-en-6-yl  groups;  (2)  the  (13Z_)- 
15-COOH  moiety  of  13-cis-retinoic  acid  has  been  replaced  by  an  o^-carboxyphenyl 
ring;  (3)  the  (11£,  13E_,-15-C00H  moiety  of  retinoic  acid  has  been  replaced 
by  £-carboxy-m-methyl phenyl ,  ^^-carboxyphenyl  and  ^.-carboethoxyphenyl  groups; 
and  (4)  the  (11£,  13£)-15-C00H  moiety  of  ethyl  5 ,6-epoxy-retinoate  has  been 
replaced  by  ^^-carboethoxyphenyl  group.  Recent  bioassay  results  of  compounds 
synthesized  under  this  contract  indicate  that  several  have  high  activity  at 
10"  M  in  reversing  keratinization  in  tracheal  organ  cultures  and  some  appear 
to  have  appreciable  activity  at  lO'-'-'^M. 

A  major  undertaking  in  the  Chemoprevention  Program  is  the  study  of  the  effi- 
cacy of  retinoids  to  inhibit  or  delay  the  development  of  cancer  in  well- 
defined  animal  models  of  carcinogenesis.  Retinoids  are  already  known  to 
inhibit  or  delay  carcinogenesis  in  skin,  breast,  bladder,  and  respiratory 
tract.  Current  studies,  in  various  stages  of  completion,  are  testing  a  number 
of  retinoids  for  chemopreventive  activity  in  breast,  bladder,  colon,  and 
pancreas.  In  recently  completed  studies  at  the  IIT  Research  Institute 
(NOl-CP-75939) ,  mammary  carcinogenesis  induced  by  1 -methyl -1 -nitrosourea 
(MNU)  has  been  shown  to  be  inhibited  by  13-ci s-4-hydroxypheny1  retinamide. 
Previously  in  this  contract  retinyl  acetate,  retinyl  methyl  ether,  4-hydroxy- 
phenyl  retinamide  and  axerophthene  were  shown  to  significantly  prolong  the 
latency  of  mammary  cancer  appearance  and  to  reduce  the  number  of  mammary 
cancers  induced  by  MNU. 

Two  contracts  are  devoted  to  studies  of  inhibition  of  bladder  carcinogenesis 
by  retinoids.  At  the  University  of  Wisconsin  (NOl-CP-75905) ,  the  N-[4-(5- 
nitro-2-furyl )-2-thiazolyl]formamide  (FANFT)  model  of  bladder  carcinogenesis 
has  been  employed.  The  interesting  finding  has  been  made  that  13-cis-retinoic 
acid  reduces  the  incidence  of  bladder  tumors  when  given  with  the  carcinogen, 
whereas  no  significant  reduction  is  seen  if  retinoid  administration  is  delayed 
until  after  carcinogen  administrations  are  completed.  A  similar  lack  of 
inhibition  is  seen  under  the  conditions  of  the  latter  protocol  with  two  other 
retinoids,  N-ethyl  retinamide  and  N-(2-hydroxyethylretinamide.)  Under  the 
former  conditions  leading  to  inhibition,  it  appears  that  the  retinoid  decreases 
carcinogen  binding  within  the  urinary  bladder. 

At  the  Middlesex  Hospital  Medical  School  (NOl-CP-75938) ,  the  N-butyl-N- 
(4-hydroxybutyl )nitrosamine  (BBN)  model  of  bladder  carcinogenesis  is  being 
used  in  retinoid  chemoprevention  studies.  This  carcinogen  characteristically 
induces  large,  exophytic,  well-differentiated  urothelial  tumors  which  cause 
death  by  obstruction  of  the  ureteric  or  urethral  passages,  or  by  hemorrhage. 
Results  with  13-cis-retinoic  acid  and  N-ethyl  retinamide  (NER)  indicate  that 
neither  retinoid  prevented  bladder  tumor  development,  although  life-table 
estimates  show  that  treated  survivors  at  one  year  have  lengthened  survival 
and  significantly  decreased  risk  of  death  due  to  bladder  tumors.  Total  tumor 
volumes  in  retinoid-treated  animals  were  significantly  smaller.  Moreover, 
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histogenesis  experiments  revealed  that  in  NER-treated  animals  hyperplasias 
and  cancer  involved  significantly  fewer  bladder  areas  and  that  many  more 
areas  retained  some  normal  urothelium. 

Since  clinical  application  of  retinoid  chemoprevention  of  cancer  requires 
detailed  knowledge  of  possible  toxicity,  two  major  contracts  are  devoted 
exclusively  to  the  toxicology  of  retinoids.  At  Southern  Research  Institute 
(NOl-CP-85615) ,  the  relative  toxicity  of  N-(2-hydroxyethyl)retinamide 
(2-HER),  N-(4-hydroxyphenyl)retinamide  (4-HPR)  and  N-ethylretinamide  (ER) 
has  been  determined  in  21 -day  subacute  studies  in  rats  and  12  week  subchronic 
toxicity  studies  in  rats  and  mice.  Animals  were  monitored  for  appearance 
of  toxic  symptoms,  weight  loss,  bone  fractures,  histologic  evaluation  of 
pre-selected  organs,  hematological  and  blood  clinical  chemistry  evaluations. 
Although  the  most  sensitive  clinical  indicator  of  toxicity  was  the  effect 
of  retinoid  treatment  on  body  weight,  no  substantial  effect  on  body  weight 
was  seen  with  4-HPR  or  2-HER.  However,  animals  administered  ER  were  subject 
to  weight  loss  which  appeared  to  be  dose-related.  All  three  retinamides  are 
less  toxic  than  all-trans-retinoic  acid.  In  these  studies,  the  highest  dose 
administered  to  either  rats  or  mice  was  either  the  maximally  tolerated  volume 
or  the  LD-iQ- 

At  the  Battelle  Columbus  Laboratories  (NOl-CP-85650) ,  significant  progress 
has  also  been  made  on  the  toxicology  of  retinoids.  Pilot  and  21 -day  toxicity 
studies  were  completed  on  all-trans-retinoic  acid,  N-(4-carboxyphenyl) 
retinamide  and  retinylidene  dimedone  in  mice  and  rats  by  oral  and  intra- 
peritoneal routes  of  exposure.  In  addition,  a  91 -day  subchronic  study  of 
all-trans-retinoic  acid  was  conducted  in  both  species.  Evaluations  were 
based  on  clinical  appearance,  hematology,  clinical  chemistry,  radiographic 
examination  and  histopathology.  Toxicity  observed  with  all-trans-retinoic 
acid  was  similar  to  that  seen  by  other  investigators.  Impaired  erythro- 
genesis  and  reduced  structural  integrity  of  the  long  bones  were  among  the 
most  obvious  manifestations  of  toxicity  after  21  daily  doses,  as  well  as 
terticular  degeneration  and  hepatocellular  lesions.  Retinylidene  dimedone 
was  found  to  be  less  toxic  in  both  the  incidence  and  severity  of  lesions 
present  when  compared  to  either  all-trans-retinoic  acid  or  N-(4-carboxyphenyl) 
retinamide  in  21-day  studies.  Rats  and  mice  were  similar  in  their  response 
to  either  oral  or  intraperitoneal  routes  of  exposure. 

Three  contracts  have  a  special  significance  in  this  program  devoted  to  the 
chemical  modulation  of  the  carcinogenic  process.  Their  objectives  are  to 
determine  if  naturally-occurring  materials  have  the  capacity  to  inhibit  the 
occurrence  of  neoplasia  and  to  identify  such  inhibitors.  The  contract  at 
the  American  Health  Foundation  (NOl-CP-85659) ,  assesses  the  protective  role 
of  the  dietary  fibers,  wheat  bran,  and  citrus  pulp  on  chemically-induced 
digestive  tract  cancer.  Already  these  studies  have  shown  exciting  results, 
indicating  that  both  of  these  fibers  at  a  level  of  15%  in  the  diet  are 
capable  of  causing  a  significant  reduction  in  azoxymethane-induced  tumori- 
genesis  in  the  colon  and  in  the  small  intestine.  In  these  studies,  animals 
were  placed  on  the  diets  prior  to  carcinogen  administration,  and  inhibition 
was  demonstrated  in  both  tumor  incidence  and  multiplicity. 
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Identification  of  naturally-occurring  inhibitors  of  neoplasia  constitutes  an 
important  set  of  endeavors,  not  only  for  the  development  of  chemopreventive 
agents  but  also  for  the  critical  information  such  investigations  would  provide 
in  the  evaluation  of  epidemiological  findings  of  differences  in  cancer  in- 
cidence in  various  population  groups.  In  this  regard,  studies  have  been 
carried  out  at  the  University  of  Minnesota  (NOl-CP-85613)  on  the  effect  of 
various  varieties  of  cabbage  and  cauliflower  on  benzo(a)pyrene-induced 
neoplasia  of  the  lungs  and  forestomach  of  mice.  Several  interesting  results 
have  been  obtained.  First,  significant  inhibition  of  pulmonary  adenoma  for- 
mations by  certain  varieties  of  cabbage  and  cauliflower  has  indeed  been  found. 
Secondly,  the  time  relation  between  feeding  of  the  vegetables  and  carcinogen 
administration  is  apparently  ^ery   important  in  determining  whether  or  not 
inhibition  is  found:  inhibition  of  pulmonary  adenoma  formation  occurs  when 
mice  are  pre-fed  the  two  types  of  vegetables  but  not  when  three  varieties 
of  cabbage  are  fed  after  carcinogen  administration.  Further,  inhibition  of 
forestomach  tumor  formation  is  not  found  under  either  feeding  protocol.  These 
results  suggest  that  at  least  certain  varieties  of  cabbage  and  cauliflower 
have  the  capacity  to  enhance  systemic  detoxification  of  B(a)P. 

Other  efforts  in  this  contract  (University  of  Minnesota,  NOl-CP-85613)  are 
directed  at  the  inducing  capacity  of  a  number  of  vegetables  on  the  gluta- 
thione-S-transferase  (GST)  system.  This  enzyme  system  is  one  of  the  major 
cellular  detoxifying  elements  for  many  chemical  carcinogens,  including  poly- 
cyclic  aromatic  hydrocarbons.  All  of  the  cruciferous  vegetables  tested 
(brussels  sprouts,  cabbage,  broccoli,  cauliflower)  induced  increased  activity 
in  liver  and  small  intestine.  Celery  and  lettuce  also  had  inducing  ability. 
These  results  demonstrate  a  widespread  occurrence  in  the  vegetable  kingdom 
of  inducers  of  an  important  carcinogen  detoxification  system.  Chemical 
identification  of  these  inducers  is  an  essential  future  task. 

At  Oregon  State  University  (NOl-CP-85660)  efforts  are  devoted  to  possible  in- 
hibition of  aflatoxin  B-j-induced  hepatocarcinogenesis  by  brussels  sprouts, 
cabbages  and  cauliflower,  and  certain  natural  flavones  and  related  compounds. 
Enzyme  induction  studies  have  also  been  carried  out  on  benzo(a)pyrene 
hydroxylase,  cytochrome  P450,  resorufin  0-deethylase  and  other  enzyme  systems 
of  possible  importance  in  carcinogen  metabolism  for  this  system.  Results  to 
date  indicate  low  basal  but  highly  inducible  levels  of  these  enzymes  in  trout 
liver  and  that  dietary  treatments  which  fail  to  induce  these  enzymes,  also 
fail, to  provide  protection  against  aflatoxin-initiated  liver  cancer  in  trout. 
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CONTRACT  NARRATIVES 
CHEMOPREVENTION 

AMERICAN  HEALTH  FOUNDATION  (N01-CP-75940) 

Title:  Long-term  Studies  of  Prevention  of  Epithelial  Cancer  by  Retinoids 

Contractor's  Project  Directors:  Dr.  J.  H,  Weisburger 

Dr.  J.  Silverman 

Project  Officer:  Dr.  Carl  E.  Smith 

Objectives:  To  evaluate  the  efficacy  of  retinoids  of  different  chemical  struc- 
tures in  inhibiting  colonic  carcinogenesis  during  the  preneoplastic  period. 

Major  Findings:  Current  knowledge  supports  the  hypothesis  of  an  initiation- 
promotion  mechanism  in  colonic  carcinogenesis.  Certain  bile  acids  for  ex- 
ample are  known  promoters  for  experimental  large  bowel  carcinogenesis.  The 
exact  mechanism  of  promotion  is  unknown.  It  may  involve  alternatives  of 
the  process  of  differentiation  of  cells  during  upward  migration  in  a  crypt. 
Since  retinoids  are  involved  in  differentiation,  they  were  tested  as  possible 
modifiers  of  the  promotion  step  in  carcinogenesis.  Large  bowel  cancer  was 
induced  with  1 ,2-dimethylhydrazine  or  with  methylnitrosourea.  The  retinoids 
studied  were:  N-ethylretinamide  (R-1);  N-HO-ethylretinamide  (R-2); 
4-hydroxyphenylretinamide  (R-3);  13-cis-retinoic  acid  (R-4);  and  retinyl 
acetate  (R-5).  There  was  no  discernible  effect  stemming  from  the  feeding 
of  R-1,  R-2,  and  R-4.  With  R-3  there  was  inhibition  of  the  formation 
of  adenomas  in  the  colon.  The  significance  of  this  finding  remains  to  be 
clarified  because,  in  contrast  to  the  Sprague-Dawley  rats,  in  which  the  dose 
of  R-3  used  has  no  obvious  toxicity,  in  the  Fischer  strain  rat  employed  in 
this  research,  R-3  was  found  to  have  a  slight  toxic  effect  (reduced  weight 
gain).  With  R-5,  there  appeared  to  be  a  reduction  of  adenoma,  but  interest- 
ingly, with  the  control  beadlets  without  R-5,  a  reduction  was  also  found. 
This  finding  will  be  explored  in  new  experiments.  This  set  of  experiments 
with  R-3  and  R-5  are  currently  being  repeated  utilizing  intrarectal  admin- 
istration so  as  to  ensure  adequate  levels  of  retinoid  in  the  colon. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
A  major  goal  in  cancer  prevention  is  to  modify  the  course  of  carcinogenesis 
in  its  early  promotional  phase,  or  if  possible,  to  prevent  initiation  and/ 
or  promotion.  In  a  number  of  epithelial  organ  systems,  retinoids  have  dem- 
onstrated a  protective  effect  in  reducing  the  incidence  and  the  number  of 
tumors  per  animal.  The  aim  of  this  program  is  to  provide  a  research  base 
for  chemoprevention  of  a  major  human  cancer;  that  of  the  large  bowel. 

Proposed  Course:  A  new  series  of  experiments  is  underway  in  which  two 
retinoids  which  give  indication  of  an  inhibiting  effect  are  administered  by 
topical  application  to  the  colon.  This  treatment  is  to  establish  whether 
the  inhibiting  effect  can  be  improved  under  these  conditions. 

Date  Contract  Initiated:  September  30,  1977 

Current  Annual  Level :   0 
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AMERICAN  HEALTH  FOUNDATION  (N01 -CP-85659)  | 

Title:  Studies  of  Natural  Inhibitors  of  Chemical  Carcinogens 

Contractor's  Project  Director:  Dr.  Bandaru  S.  Reddy 

Project  Officer  (NCI):  Dr.  Carl  E.  Smith 

Objectives:  Some  epidemiologic  studies  indicate  that  the  occurrence  of  colon 
cancer  is  associated  with  a  high  dietary  intake  of  fat  and  with  a  lack  of 
dietary  fiber.  The  overall  objective  of  this  program  is  to  identify  naturally 
occurring  fibers  suitable  for  addition  to  normal  diets  in  order  to  inhibit  the 
development  of  colon  cancer.  Specifically,  the  program  will  assess  the  pro- 
tective role  of  various  dietary  fibers,  namely  wheat  bran  (cereal -based)  and 
citrus  pulp  (fruit-based)  on  chemically-induced  colon  carcinogenesis  in  animal 
model,  and  identify  the  individual  components  of  fibers  that  exhibit  a  protec- 
tive effect  in  colon  carcinogenesis. 

Major  Findings:  Weanling  male  inbred  F344  rats  were  obtained  commercially 
and  at  40  days  of  age,  all  animals  were  alloted  at  random  into  experimental 
groups  and  fed  either  a  control  diet  containing  5%  alphacel  or  experimental 
diets  containing  15%  wheat  bran  or  citrus  pulp.  At  7  weeks  of  age,  all  animals, 
except  vehicle  treated  groups,  were  given  weekly  sc  injections  of  azoxymethane 
(AOM)  for  10  weeks  or  3,2' -dimethyl-4-aminobiphenyl  (DMAB)  for  20  weeks  at  a 
dose  rate  of  8  mg/kg  body  wt.  or  50  mg/kg  body  wt. ,  respectively.  AOM-  or  DMAB- 
treated  rats  were  autopsied  19  or  25  weeks,  respectively  after  the  last 
injection. 

In  general,  body  weight  gains  (growth  curves)  of  vehicle  treated  rats  fed 
the  control  diet  and  wheat  bran  and  citrus  pulp  diets  were  similar;  however, 
carcinogen-treated  rats  gained  less  weight  than  did  the  vehicle-treated 
animals  in  all  dietary  groups.  Food  intakes  measured  during  the  5th,  10th 
and  15th  week  of  the  experiment  showed  that  the  animals  on  wheat  bran  and 
citrus  pulp  diets  consumed  about  10-15%  more  than  those  fed  the  control  diet. 
However,  the  calorie  consumption  was  the  same  in  all  groups. 

Histopathologic  evaluation  of  AOM-treated  animals  has  been  completed.  The 
number  of  rats  with  AOM-induced  colon  or  small  intestinal  tumors  (tumor  in- 
cidence) was  significantly  lower  in  animals  fed  the  diets  containing  wheat 
bran  or  citrus  pulp  than  those  fed  the  control  diet.  Although  the  colon 
tumor  incidences  did  not  differ  between  the  animals  fed  the  two  fiber  diets, 
the  small  intestinal  tumor  incidence  in  rats  fed  citrus  pulp  was  lower  than 
that  in  animals  fed  wheat  bran. 

The  multiplicity  (number  of  tumors/tumor-bearing  rat)  of  colon  and  small 
intestinal  tumors  was  significantly  lower  in  animals  fed  the  wheat  bran  or 
citrus  pulp  diet  than  that  in  animals  fed  the  control  diet.  Animals  fed  the 
wheat  bran  diet  developed  fewer  adenomas  and  adenocarcinomas  of  the  colon, 
whereas  those  fed  citrus  pulp  developed  fewer  adenomas  of  the  colon  than  did 
the  rats  fed  the  control  diet.  Histopathologic  evaluation  of  DMAB-induced 
tumors  is  in  progress. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
This  program  is  of  special  significance  since  it  is  designed  to  provide 
important  information  on  the  relationship  between  various  dietary  fibers 
and  their  components  such  as  pectin,  lignin,  cellulose,  etc.,  and  colon 
carcinogenesis. 

It  is  hoped  that  the  data  base  thus  generated  in  animal  models  can  signifi- 
cantly enhance  our  knowledge  of  the  controllable  etiological  factors  which 
play  a  role  in  cancer  of  the  large  bowel.  The  long-term  goal  is  to  provide 
a  basis  for  rational  prevention  by  dietary  means  of  a  disease  affecting  over 
100,000  individuals  per  year  in  the  United  States. 

Proposed  Course: 

1.  To  isolate  and  identify  the  individual  components  of  citrus  pulp  and 
wheat  bran  responsible  for  the  protective  effect  in  colon  carcinogenesis. 
These  components  will  include  hemicellulose,  cellulose  and  lignin. 

2.  Determine  the  effect  of  feeding  the  above  diets  on  the  fecal  bile  acids 
and  bacterial  g-glucuronidase  activity. 

Date  Contract  Initiated:  September  30,  1978 

Current  Annual  Level :  $163,336 


BATTELLE  MEMORIAL  INSTITUTE,  COLUMBUS  LABORATORIES  -  (NOl -CP-85650) 
Title:  Studies  on  the  Toxicology  of  Retinoids 

Contractor's  Project  Director:  Dr.  Perry  J.  Kurtz 

Project  Officer  (NCI):  Dr.  Carl  E.  Smith 

Objectives:  Conduct  short-term  toxicity  studies  in  laboratory  rats  and  mice 
in  order  to  evaluate  the  relative  toxicity  of  synthetic  retinoid  compounds. 
The  results  are  expected  to  assist  in  the  selection  of  retinoid  compounds  for 
use  in  human  cancer  chemoprevention. 

Major  Findings:  During  the  past  year,  the  in-life  portion  of  toxicological 
studies  with  three  synthetic  retinoids  has  been  completed.  These  compounds 
are  all-trans-retinoic  acid,  N-(4-carboxyphenyl )  retinamide,  and  retinylidene 
dimedone.  A  fourth  compound,  N-(2-carboxyphenyl )  retinamide  has  been  received 
and  testing  is  currently  in  progress. 

The  toxicity  observed  after  animals  were  treated  with  all-trans-retinoic  acid 
was  similar  to  that  seen  in  other  laboratories.  Impaired  erythrogenesis 
and  reduced  structural  integrity  of  the  long  bones  were  among  the  most 
obvious  manifestations  of  toxicity  after  21  daily  doses.  In  addition,  clear 
testicular  degeneration  and  hepatocellular  lesions  were  also  observed  in 
animals  given  this  compound.  The  intraperitoneal  route  of  exposure  was 


1493 


found  to  be  more  effective  in  producing  toxicity  than  oral  administration 
and,  in  contrast  to  reports  from  other  laboratories,  rats  appeared  more 
sensitive  than  mice. 

Results  with  N-(4-carboxyphenyl )  retinamide  also  indicated  clear  manifes- 
tations of  toxicity,  including  bone  fracture  and  liver  lesions,  although 
somewhat  higher  doses  were  required  to  produce  bone  fractures  with  this 
chemical  than  with  all-trans-retinoic  acid. 

Retinylidene  dimedone  was  clearly  least  toxic  of  the  three  studied.  Using 
bone  fracture  analysis  as  an  index  of  toxicity,  it  appears  that  retinylidene 
dimedone  doses  roughly  twice  those  of  N-(4-carboxyphenyl )  retinamide  and 
10  times  those  of  all-trans-retinoic  acid  were  required  to  produce  the  same 
bone  fracture  incidence. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

In  the  three  compounds  studied,  retinylidene  dimedone  appears  to  be  the  most 

attractive  candidate  for  further  development  as  a  chemopreventive  agent. 

Proposed  Course:  Additional  tests  now  underway,  and  future  tests  with  syn- 
thetic retinoids  to  be  assigned,  will  provide  additional  data  concerning  the 
comparative  toxicity  of  retinoid  analogs. 

Date  Contract  Initiated:  September  30,  1978 

Current  Annual  Level :  $271,406 

CALIFORNIA,  UNIVERSITY  OF  (BERKELEY)  (NO! -CP-75934) 

Title:  Synthesis  of  New  Retinoids  for  In  Vitro  Studies  of  Prevention  of 
Lung  Cancer  and  Other  Epithelial  Cancers 

Contractor's  Project  Director:  Dr.  Clayton  H.  Heathcock 

Project  Officer  (NCI):  Dr.  Michael  B.  Sporn 

Objectives:  The  goal  of  this  project  is  to  improve  the  therapeutic  index  of 
retinoids  for  the  prevention  of  epithelial  tumors.  The  project  is  designed  to 
produce  analogs  of  retinoic  acid  which  control  preneoplastic  lesions  and 
delay  the  onset  of  invasive  malignancy. 

Major  Findings:  Among  many  retinoids  synthesized,  the  previously  unknown 
retinoid  epoxides  methyl  13,14-dihydro-13,14-epoxyretinoate  and  methyl  7,8- 
epoxy-7,8-dihydro-retinoate  have  been  prepared.  The  former  compound  is  too 
unstable  for  use  as  a  drug.  The  latter  retinoid  was  assayed  in  the  Sporn 
tracheal  organ  culture  system  and  found  to  show  significant  activity  (about 
50%  that  of  retinoic  acid  itself).  This  may  prove  to  be  a  significant  finding, 
as  this  retinoid  is  less  polar  than  retinoic  acid  and  should  undergo  better 
distribution  to  the  fatty  tissues  where  epithelial  cancers  arise. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Synthetic  retinoids  of  low  toxicity  and  high  efficacy  in  chemoprevention 
of  carcinogenesis  at  specific  organ  sites  offer  an  approach  of  enormous 
potential  for  reducing  the  morbidity  and  mortality  due  to  cancer. 

Proposed  Course:  The  two  remaining  unknown  retinoid  epoxides  (9,10  and  11,12) 
will  be  prepared  and  evaluated. 

Date  Contract  Initiated:  September  30,  1977 

Current  Annual  Level :  0 

COLUMBIA  UNIVERSITY  (NOl -CP-75897) 

Title:  Synthesis  of  New  Retinoids  for  In  Vitro  Studies  of  Prevention  of 
Lung  Cancer  and  Other  Epithelial  Cancers 

Contractor's  Project  Directors:  Dr.  Koji  Nakanishi 

Dr.   Valeria  Balogh-Nair 

Project  Officer(s)    (NCI):     Dr.   Michael   B.   Sporn 

Dr.   Carl   E.   Smith 

Objectives:  To  design  and  synthesize  further  structural  variations  of  the 
retinoid  skeleton  that  will  be  superior  to  the  compounds  used  today  in  the 
chemoprevention  of  cancer. 

Major  Findings:  A  versatile  synthesis  of  retinoids  has  been  achieved  via 
direct  condensation  of  the  entire  side-chain  to  cyclic  ketones.  This  pro- 
cedure allows  access  to  retinoids  with  modified  or  drastically  different 
ring  structures.  For  example,  two  compounds  have  been  synthesized  recently 
in  which  the  1 ,1 ,5-trimethyl-cyclohex-5-ene  ring  of  the  retinoid  molecule  has 
been  replaced  with  either  cholesteryl  or  estryl  moities,  respectively.  These 
retinoids  offer  the  possibility  that  the  steroid  nucleus  may  favorably  affect 
the  pharmacokinetics  of  these  compounds. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  availability  of  a  large  number  of  retinoids  with  varying  structural 
features  will  help  to  establish  a  structure-activity  relationship,  will  help 
to  clarify  the  effect  of  structure  on  the  transport  of  retinoids,  and  so 
will  contribute  in  clarifying  the  action  of  retinoids  in  the  prevention  of 
epithelial  cancer. 

Proposed  Course:  Synthesis. 

Date  Contract  Initiated:  September  30,  1977 

Current  Annual  Level :  0 
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DARTMOUTH  MEDICAL  SCHOOL  (NOT -CP-85675) 

Title:  Prevention  of  Pancreatic  Cancer  in  Experimental  Animals  by  Retinoids 

Contractor's  Project  Officer:  Dr.  D.S.  Longnecker 

Project  Officer  (NCI):  Dr.  Carl  E.  Smith 

Objectives: 

1.  To  induce  carcinomas  or  preneoplastic  epithelial  lesions  in  the  pancreas 
of  rats  treated  with  azaserine  and  hamsters  treated  with  N-nitrosobis(2- 
oxopropyl) -amine  (BOP). 

2.  To  see  if  there  is  a  decrease  in  the  incidence,  size,  or  number  of  such 
cancers  or  preneoplastic  lesions  among  rats  and  hamsters  given  retinoid- 
supplemented  diets  during  the  latent  period  of  carcinogenesis. 

Major  Findings:  Animals  have  been  fed  diets  supplemented  with  the  following 
four  retinoids: 

1.  N-2  hydroxyethyl  retinamide 

2.  4-carboxyphenyl  retinamide 

3.  4-propionyloxyphenyl  retinamide 

4.  Retinylidene  dimedone 

Groups  were  also  maintained  on  diets  supplemented  with  vehicle  solvent  mixtures. 
The  4-carboxyphenyl  retinamide  was  fed  at  a  single  dietary  level,  and  the 
other  three  retinoids  were  fed  at  2  dose  levels.  Retinoid  levels  in  the 
supplemented  diets  were  monitored,  and  the  results  were  expressed  as  percent 
of  proposed  level.  These  studies  provided  quality  control  for  diet  mixing 
and  stability  of  retinoid  during  storage. 

Syrian  golden  hamsters  were  treated  with  dietary  levels  of  0.5  and  1.0  mmole 
retinoid/kg  diet.  Weights  were  monitored  weekly,  and  several  groups  failed 
to  grow  as  rapidly  as  the  corresponding  control  group.  Such  groups  were 
"rested"  periodically  by  feeding  diets  not  supplemented  with  retinoid 
for  one-week  periods.  When  such  rest  periods  failed  to  restore  the  desired 
growth  rate,  it  was  necessary  to  reduce  the  dietary  retinoid  level  for  the 
group.  There  was  poor  survival  in  the  hamster  colony  due  largely  to  "wet- 
tail-like"  disease.  Because  of  diminishing  group  sizes,  the  hamsters  were 
sacrificed  40  weeks  after  a  single  20  mg  BOP/kg  injection.  The  hamster 
tissues  have  been  evaluated  histologically,  and  the  incidence  of  carcinoma 
(and  in  situ  carcinoma)  was  lower  than  anticipated,  perhaps  because  of  the 
necessity  to  terminate  the  experiment  before  a  one-year  latent  period.  The 
incidence  of  carcinoma  among  female  BOP-treated  non-retinoid-supplemented 
groups  was  7%  and  10%,  and  amoung  males  was  0%  and  43%.  This  low  incidence 
of  cancers  in  most  positive  control  groups  limited  the  ability  to  observe 
inhibitory  effects  by  the  retinoids.  Male  hamsters  receiving  diets  supple- 
mented with  retinoids  1,  3,  and  4  had  a  reduced  incidence  of  carcinomas.  There 
also  appears  to  be  a  reduction  in  the  incidence  of  preneoplastic  ductular 
abnormalities  plus  carcinomas  which  is  dose-related  in  both  sexes,  although 
the  group  sizes  are  small  and  the  differences  seldom  are  statistically 
significant  (i.e.  p  <.05).  In  summary,  it  appears  that  poor  survival 
and  low  final  incidence  of  neoplasms  in  the  positive  control  group  will  limit 
the  conclusions  which  can  be  drawn  from  the  study. 
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Wistar/Lewis  rats  were  fed  diets  supplemented  with  1  and  2  mmole  retinoid/kg 
diet.  Growth  failure  was  less  of  a  problem  than  among  the  hamsters,  but  the 
same  pattern  of  one-week  "rests"  and  reduction  of  retinoid  level  was  followed 
in  those  groups  where  growth  failure  was  a  problem.  The  rats  were  maintained 
for  a  latent  period  of  12  months  following  completion  of  azaserine  treatment, 
and  the  survival  was  good.  Histologic  evaluation  of  the  rat  tissue  is  in  pro- 
gress. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  data  to  be  generated  should  allow  evaluation  of  the  hypothesis  that 
specific  synthetic  retinoids  which  are  less  toxic  than  vitamin  A  can 
inhibit  the  development  of  epithelial  cancers  of  the  pancreas  in  two 
animal  models.  If  effective  compounds  can  be  identified,  they  may  find 
use  in  selected  human  populations  at  high  risk  for  pancreatic  cancer. 

Proposed  Course:  Statistical  analysis  of  data  from  the  hamster  studies 
will  be  refined,  and  similar  analyses  will  be  undertaken  for  rats  in 
preparation  for  a  second  cycle  of  long-term  studies  in  these  two  animal 
models. 

Date  Contract  Initiated:  September  30,  1978 

Current  Annual  Level :  0 

HAWAII,  UNIVERSITY  OF  (NOl -CP-75933) 

Title:  Synthesis  of  New  Retinoids  for  In  Vitro  Studies  of  Prevention  of 
Lung  Cancer  and  Other  Epithelial  Cancers 

Contractor's  Project  Director:  Dr.  Robert  S.H.  Liu 

Project  Officer  (NCI):  Dr.  Michael  Sporn 

Objectives:  To  prepare  quantities  of  new  geometric  isomers  of  vitamin  A 
derivatives  and  their  analogs  for  evaluation  of  cancer  preventive  properties. 

Major  Findings:  The  project  continues  to  emphasize  the  synthesis  of  new 
geometric  isomers  of  vitamin  A  derivatives  and  analogues.  Efforts  in  syn- 
thesis this  past  year  have  resulted  in  a  large  number  of  compounds  bearing 
modifications  of  the  ring,  side  chain  and  terminus  of  the  basic  retinoid 
structure.  Modifications  of  the  ring  include  compounds  bearing  5-membered 
nitrogen-containing  rings,  as  well  as  1,3,5  trimethyl phenyl-;  1-chloro, 
5-fluoro-phenyl-;  and  2, 3, 4-trimethoxyphenyl -compounds.  Side  chain  mod- 
ifications include  13-trifluoromethyl  substitution,  13-methoxy  substitution 
and  shortening  of  the  side  chain  itself.  Changes  in  the  terminal  portion  of 
the  molecule  have  included  a  whole  series  of  nitrile  derivatives. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
To  provide  samples  that  otherwise  will  not  be  available  to  the  National 
Cancer  Institute.  The  Contractor  is  the  only  one  in  the  world  concerned  with 
the  synthesis  of  new  geometric  isomers  of  vitamin  A  and  its  derivatives. 
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Proposed  Course:  The  direction  of  this  project  during  the  last  year  of  the 
contract  period  will  largely  be  determined  by  the  compounds  already  sub- 
mitted. A  major  portion  of  their  effort  will  probably  involve  chain  mod- 
ification including  oxygenated  and  halogenated  retinoids. 

Date  Contract  Initiated:  September  30,  1977 

Current  Annual  Level :  0 


HOUSTON,  UNIVERSITY  OF  (NOl -CP-75935) 

Title:  Synthesis  of  New  Retinoids  for  In  Vitro  Studies  of  Prevention  of 
Lung  Cancer  and  Other  Epithelial  Cancers 

Contractor's  Project  Director:  Dr.  Steven  C.  Welch 

Project  Officer  (NCI):  Dr.  Michael  B.  Sporn 

Objectives:  The  objectives  of  this  contract  are  to  synthesize  possible 
retinoid  metabolites  and  retinoid  analogues  for  submission  to  Dr.  Michael  B. 
Sporn,  Project  Officer  for  in  vitro  screening  as  cancer  chemopreventive 
agents. 

Major  Findings:  A  series  of  methyl  13-substituted  (-CH^jO-,  -CO^H,  -CO2CH2 
-OAc,  -OCH,,  -OH)  13-cis-  and  13-trans-retinoates  (seven  substances  in  all) 
were  prepared  by  total  synthesis  and  submitted  to  Dr.  Michael  B.  Sporn,  NCI, 
for  in  vitro  screening  as  cancer  chemopreventive  agents.  Both  electron 
withdrawing  and  electron  releasing  substituents  listed  above  were  found  to 
dramatically  decrease  the  activity  of  these  retinoids  relative  to  the 
standard  trans-retinoic  acid.  The  most  active  substance  in  thi_§  series  was 
methyl  13-acetoxy-13-cis-retinoate,  which  was  50%  active  at  10  M  in  the 
hamster  tracheal  organ  culture  assay  for  reversal  of  keratinization. 

Also  prepared,  was  a  series  of  esters  and  amides  of  cis-  as  well  as  trans- 
retinoic  acid  with  a  group  of  antioxidant  moieties  (a-d-tocopherol ;  ethoxyquin 
desethyl  ethoxyquin;  4-methoxy-2-t-butyl phenol ,  4-methoxy-3-t-butyl phenol ; 
4-hydroxy-2-t-butylanisole;  4-hydroxy-3-t-butylanisole;  2 ,4,6- tri methyl - 
thiophenol;  and  trolox-C;  approximately  10  substances  in  all).  These  are 
lipophilic  retinoid  analogues  which  should  tend  to  localize  in  lipid  layers 
of  cellular  membranes  and/or  in  organs  with  a  high  concentration  of  adipose 
tissue  such  as  the  female  breast.  These  derivatives  were  prepared  in  the 
hope  that  a  synergistic  effect  between  the  retinoid  skeleton  and  the  anti- 
oxidant moiety  might  be  realized.  The  most  promising  compound  in  this  series 
is  1 ,2qdihydro-6-retinoyloxy-2,2,4-trimethylquinoline  which  was  100%  active 
at  lO'^M, 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
If  a  stable  retinoid  analogue  with  a  desirable  therapeutic  index  (high 
chemoprevention  activity,  low  toxicity)  and  pharmacokinetics  (proper  tissue 
distribution)  can  be  synthesized,  then  a  reduction  in  the  incidence  of  in- 
vasive epithelial  cancer  in  human  beings  might  be  attainable.  Drugs  of 
this  type  would  in  effect  act  as  cancer  chemopreventive  agents. 
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Proposed  Course:  The  contractor  plans  to  continue  the  synthesis  of  retinoid 
derivatives  and  analogues  for  in  vitro  screening  of  potential  efficacy  in 
the  chemoprevention  of  cancer. 

Date  Contract  Initiated:  September  30,  1977 

Current  Annual  Level :  0 

I  IT  RESEARCH  INSTITUTE  (NO! -CP-43289) 

Title:  Supply  of  Hamsters  Treated  with  Respiratory  Carcinogens 

Contractor's  Project  Director:  Dr.  Richard  C.  Moon 

Project  Officer  (NCI):  Dr.  Carl  E.  Smith 

Objectives:  To  supply  ammals  with  preneoplastic  and/or  neoplastic  lesions 
of  the  respiratory  tract,  urinary  bladder,  esophagus  and  mammary  gland  to 
those  organizations  designated  by  the  Project  Director. 

Major  Findings:  A  lung  tumor  model  that  permits  the  induction  of  cancer  in 
a  circumscribed  region  of  the  hamster  trachea  was  utilized  to  supply  hamsters, 
as  well  as  tracheal  cytological  samples,  to  investigators  designated  by  NCI. 
One  hundred  cytology  samples  from  150  animals  were  shipped  during  the  pre- 
vious year  at  various  intervals.  Animal  models  for  cancer  of  the  mammary 
gland  (dimethylbenz(a)anthracene  and  MNU),  urinary  bladder  (N-Butyl-N-4- 
hydroxybutylnitrosamine) ,  tracheobronchial  (MNU)  and  esophagus  (methyl- 
benzylnitrosamine)  were  utilized  to  supply  approximately  5000  rats,  mice  and 
hamsters  to  investigators  designated  by  the  Project  Officer.  These  were 
distributed  as  follows:  mammary-1900  rats;  bladder-2115  mice;  esophagus-640 
rats;  and  tracheobronchial -500  hamsters. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
This  contract  will  provide  investigators  with  animals  treated  with  several 
epithelial  carcinogens  for  either  in  vivo  or  in  vitro  carcinogenesis  studies. 

Proposed  Course:  To  provide  carcinogen-treated  animals  to  investigators 
designated  by  the  Project  Officer  and  to  continue  to  refine  and  improve 
existing  epithelial  tumor  models  in  order  to  provide  animals  with  preneo- 
plastic and  neoplastic  lesions  which  are  reproducible  and  rapidly  induced. 

Date  Contract  Initiated:  May  20,  1974 

Current  Annual  Level :  0 
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I  IT  RESEARCH  INSTITUTE  (NOT -CP-75939) 

Title:  Long- term  Studies  of  Prevention  of  Epithelial  Cancer  by  Retinoids 

Contractor's  Project  Director:  Dr.  Richard  C.  Moon 

Project  Officer  (NCI):  Dr.  Carl  E.  Smith 

Objectives:  The  major  goal  of  this  project  is  to  assess  the  chemopreventive 
activity  of  retinoids  (natural  and  synthetic  analogues  of  vitamin  A)  in  long- 
term  studies  conducted  in  rodent  models  for  breast  cancer. 

Major  Findings:  Previous  work  has  indicated  that  retinyl  acetate,  retinyl 
methyl  ether,  4-hydroxyphenyl  retinamide,  and  axerophthene  significantly 
prolong  the  latency  of  mammary  cancer  appearance  and  reduce  the  number  of 
mammary  cancers  induced  by  1 -methyl -1 -nitrosourea  (MNU).  In  recently  com- 
pleted studies,  13-cis-4-hydroxyphenyl  retinamide  was  also  found  to  be 
effective  in  inhibiting  mammary  carcinogenesis.  On  the  other  hand,  retinyl - 
idene  dimedone,  retinylidene  2,4-pentadione,  2-hydroxyethyl  retinamide,  and 
ethyl  retinamide  were  ineffective  against  MNU-induced  mammary  cancer  in 
Sprague-Dawley  female  rats.  In  previous  studies,  4-hydroxyphenyl  retinamide 
was  shown  to  be  highly  effective  against  MNU-induced  mammary  cancer  at  a 
dosage  of  carcinogen  that  would  induce  a  100%  incidence  of  cancer.  In  these 
studies,  4-hydroxyphenyl  retinamide  was  well  tolerated.  In  an  on-going  life- 
time study  (low  dose  carcinogen)  the  chemopreventive  activity  of  4-hydroxy- 
phenyl retinamide  is  being  evaluated,  as  well  as  the  effect  of  life-time 
feeding  of  the  retinoid. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Studies  performed  under  this  contract  indicate  that  efforts  to  synthesize 
organotrophic  retinoids  with  increased  chemopreventive  activity  and  diminished 
toxicity  in  comparison  to  previously  tested  compounds,  are  meeting  with 
success.  The  data  obtained  from  long-term  evaluation  of  retinoids  will  hope- 
fully lead  not  only  to  the  establishment  of  the  concept  of  cancer  chemo- 
prevention,  but  will  also  provide  evidence  for  the  use  of  retinoids  in 
suppressing  progression  of  early  neoplastic  lesions  in  women  who  are  at  high 
risk  for  breast  cancer. 

Proposed  Course:  As  they  become  available,  newly  synthesized  retinoids  will 
be  evaluated  for  chemopreventive  activity  in  rodent  models  for  breast  cancer. 

Date  Contract  Initiated:  September  30,  1977 

Current  Annual  Level :  0 
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MIDDLESEX  HOSPITAL  MEDICAL  SCHOOL  (NOT -CP-75938) 

Title:  Long-term  Studies  of  Prevention  of  Epithelial  Cancer  by  Retinoids 

Contractor's  Project  Director:  Dr.  R.  M.  Hicks 

Project  Officer  (NCI):  Dr.  Carl  E.  Smith 

Objectives: 

1.  To  determine  the  relative  effectiveness  of  different  retinoids  in  pre- 
venting and/or  reversing  neoplastic  growth  of  the  bladder  epithelium  of 
carcinogen-treated  rats. 

2.  Assessment  of  the  life-time  response  of  carcinogen-treated  animals  to 
retinoid  treatment. 

3.  Assessment  of  the  sub-cellular  changes  in  the  urothelium  of  retinoid  - 
carcinogen-treated  animals  by  electron-microscopy. 

Major  Findings:  Bladder  carcinogenesis  is  a  multistage  disease  involving 
initiation,  promotion  and  propagation.  The  contractor  is  investigating 
the  anti-carcinogenic  efficacy  of  the  two  retinoids,  13-cis  retinoic  acid 
(CRA)  and  N-ethyl  retinamide  (NER),  in  the  bladders  of  female  Fischer  rats 
after  dosing  with  the  carcinogen  N-butyl-N-(4-hydroxybutyl )  nitrosamine  (BBN). 
BBN  characteristically  induces  large,  exophytic,  well -differentiated  urothelial 
tumors  which  cause  death  by  obstruction  of  the  ureteric  or  urethral  passages, 
or  by  hemorrhage. 

Neither  retinoid  prevented  bladder  tumor  development,  but  life-table  estimates 
of  the  risk  of  death  due  to  bladder  tumors  in  survivors  at  one  year  were 
significantly  lower  for  those  receiving  retinoids  and  demonstrated  lengthened 
survival.  Relative  death  rates  due  to  bladder  tumors  were  also  reduced,  and 
significantly  smaller  total  tumor  volumes  were  measured  in  retinoid-treated 
animals. 

Histopathology  of  the  bladder  in  rats  killed  sequentially  up  to  one  year 
revealed  that  in  the  NER-treated  group  the  hyperplasias  and  cancers  involved 
significantly  fewer  bladder  areas  and  that  many  more  areas  retained  some 
normal  urothelium  than  in  the  BBN-only  group.  In  addition,  in  the  NER-treated 
group,  almost  all  the  cancers  were  well -differentiated  (Grade  1),  and  by 
comparison  with  the  BBN-only  group,  significantly  fewer  areas  were  occupied 
by  less  well  differentiated  (Grade  II)  carcinomas.  However,  this  retinoid 
has  also  shown  at  post  mortem  examinations  at  1  year,  symptoms  of  retinoid 
intoxication  were  evident  including  reduced  body  weight,  skeletal  rarefaction, 
and  reduced  hemoglobin  concentration.  These  symptoms  have  previously  been 
reported  to  result  from  retinoid  administration,  including  dosing  with  13-cis 
retinoid  acid.  However,  in  addition,  NER  treatment  also  produced  organ 
weight  changes,  reduced  packed  cell  volumes  and  increase  platelet  counts. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
This  demonstration  that  viable  explants  of  normal  human  bladder  can  be  main- 
tained in  vitro  for  at  least  2  months  provides  an  alternative  test  system  to 
experimental  animals  for  testing  the  effects  of  potential  bladder  carcinogens. 
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Carcinogens  can  now  be  tested  directly  on  human  bladder  tissues  which  will 
avoid  the  problem  of  extrapolating  animal  data  to  man.  The  type  of  patient 
who  can  be  used  as  an  appropriate  donor  of  normal  human  bladder  tissue  has 
been  identified;  and  it  has  been  demonstrated  that  patients  with  prostatic 
disease  do  not  constitute  a  source  of  appropriate  control  material  for 
carcinogenesis  studies.  This  affects  the  interpretation  of  many  investi- 
gations where  material  from  patients  with  prostatic  hypertrophy  has  been 
assumed  to  represent  normal  urothelium. 

Proposed  Course:  Animals  will  be  maintained  on  protocol  till  dead  or 
morbid,  histopathological  and  ultrastructural  endpoints  determined  and 
analyzed,  and  final  evaluations  of  retinoid  efficacies  reported. 

Date  Contract  Initiated:  September  30,  1977 

Current  Annual  Level :  0 


MINNESOTA,  UNIVERSITY  OF  (NOl -CP-8561 3) 

Title:  Studies  of  Natural  Inhibitors  of  Chemical  Carcinogens 

Contractor's  Project  Director:  Dr.  Lee  W.  Wattenberg 

Project  Officer  (NCI):  Dr.  Carl  E.  Smith 

Objectives:  The  objectives  of  this  project  are  to  determine  if  naturally- 
occurring  materials  have  the  capacity  to  inhibit  the  occurrence  of  neo- 
plasia and  to  identify  such  inhibitors. 

Major  Findings: 

1.  Effects  of  diets  containing  cabbage  or  cauliflower  on  benzo(a)pyrene  (BP) 
induced  neoplasia  of  the  forestomach  and  lungs.  Experiments  have  been 
initiated  to  determine  the  capacity  of  dietary  addition  of  various  varieties 
of  cabbage  and  cauliflower  to  inhibit  BP-induced  neoplasia  of  the  forestomach 
and  lungs.  Two  experimental  formats  have  been  employed.  In  one,  the  vege- 
tables were  added  to  a  purified  diet  and  fed  two  weeks  prior  to  the  first 
of  twelve  oral  administrations  of  BP  (2  times  a  week  for  6  weeks).  The 
cabbage  diets  were  continued  until  one  day  after  the  last  dose  of  carcinogen. 
Data  are  now  available  on  two  varieties  of  cabbage,  i.e.  Chieftain  Savoy  and 
Jet  Pack,  and  one  variety  of  cauliflower.  Snowball  Imperial.  All  three 
vegetables  were  added  as  a  dehydrated  powder  at  a  concentration  of  20%  of 
the  diet.  In  addition,  one  group  received  Chieftain  Savoy  as  a  leaf.  The 
mice  were  sacrificed  24  weeks  after  the  initial  dose  of  BP.  Under  these 
conditions.  Chieftain  Savoy  cabbage  (powder)  and  Snowball  Imperial  Cauliflower 
showed  a  significant  inhibition  of  pulmonary  adenoma  formation.  The  results 
were  as  follows  (pulmonary  tumors  in  mice  fed  vegetable  diet  controls): 
Chieftain  Savoy  powder,  0.59*;  Chieftain  Savoy  leaf,  1.1;  Jet  Pack,  0.78; 
Snowball  Imperial,  0.51*  (*  indicates  p<0.05).  No  significant  inhibition  of 
forestomach  tumor  formation  was  obtained  with  any  of  the  three  vegetables. 
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In  the  second  experiment,  the  format  was  varied  in  that  the  vegetables  diets 
were  fed  subsequent  to  the  complete  course  of  carcinogen  administrations. 
Three  cabbages  were  tested;  Chieftain  Savoy  (powder  or  leaf),  Badger 
Baldhead  and  Savoy  King.  No  inhibition  of  either  forestomach  tumor  forma- 
tion or  pulmonary  adenoma  formation  was  obtained.  Further  studies  with 
other  vegetables  and  carcinogens  are  in  progress.  The  results ^obtained 
thus  far  would  suggest  that  Chieftain  Savoy  cabbage  and  Snowball  Imperial 
cauliflower  have  the  capacity  to  enhance  systemic  detoxification  of  BP  in 
a  manner  which  results  in  inhibition  of  pulmonary  neoplasia. 
2.  Effects  of  vegetable  additions  to  the  diet  on  glutathione-S-transferase 
activity.  Glutathione-S-transferase  is  a  major  enzyme  system  detoxifying 
a  large  number  of  chemical  carcinogens  including  polycyclic  aromatic  hydro- 
carbons. This  enzyme  system  is  inducible.  Studies  of  the  effects  of 
vegetable  additions  to  the  diet  on  the  activity  of  glutathione-S-transferase 
have  been  carried  out.  Thus  far,  the  following  have  been  studied:  brussels 
sprouts.  Chieftain  Savoy  cabbage.  Red  Acre  cabbage.  Badger  Baldhead  cabbage, 
broccoli,  cauliflower,  cucumbers,  celery  and  lettuce.  The  cruciferous 
vegetables  all  induced  increases  in  glutathione-S-transferase  activity  in 
the  liver,  small  intestine  or  both.  Celery  and  lettuce  also  showed  inducing 
activity.  Cucumbers  were  negative.  These  data  show  that  a  substantial 
number  of  vegetables  have  the  capacity  to  induce  an  increase  in  activity  of 
an  important  carcinogen  detoxification  system. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
It  would  be  of  importance  to  identify  naturally-occurring  inhibitors  of 
neoplasia.  Such  information  would  be  critical  for  evaluating  epidemio- 
logical findings  of  differences  in  cancer  incidence  in  various  population 
groups.  The  information  also  has  potential  value  in  prevention  of  neo- 
plasia in  humans. 

Proposed  Course:  The  course  as  outlined  in  the  original  contract  will  be 
followed. 

Date  Contract  Initiated:  September  30,  1978 

Current  Annual  Level :  $235,018 

NEBRASKA  MEDICAL  CENTER.  UNIVERSITY  OF  f NOl -CP-85674) 

Title:  Prevention  of  Pancreatic  Cancer  in  Experimental  Animals  by  Retinoids 

Contractor's  Project  Director:  Dr.  Parvis  Pour 

Project  Officer  (NCI):  Dr.  Carl  E.  Smith 

Objectives:  To  Investigate  possible  chemopreventive  effects  of  synthetic 
retinoids  on  experimental  pancreatic  cancer  in  the  hamster  model. 


1503 


Major  Findings:  A  preliminary  study  was  conducted  with  hamsters  given 
pancreatic  carcinogen  N-nitrosobis(2-oxopropyl )amine  (BOP)  at  a  dose  of 
40  mg/kg  body  weight.  A  week  later  animals  received  one  of  four  retinoids 
(13  cis  retinoic  acid,  ethyl  retinamide,  4-hydroxy  phenyl  retinamide  and 
2-hydroxy  ethyl  retinamide)  each  in  3  dose  levels  (0.05,  0.10  and  0.20  mM) 
for  32  weeks,  at  which  time  the  experiment  was  terminated  (33  weeks  after 
the  BOP  administration).  The  mean  weights  were  not  significantly  reduced 
by  the  retinoids.  Body  weight  showed  a  tendancy  toward  reduction  as  the 
level  of  13  cis  retinoic  acid  increased  in  both  the  chow-fed  and  the  semi- 
synthetic diet-fed  animals,  regardless  of  sex.  The  body  weights  of  the 
animals  fed  the  semi -synthetic  diets  were  slightly  lower  than  in  animals 
fed  the  chow  diets. 

Histologic  evaluation  of  the  pancreas  in  animals  fed  three  of  the  retinoids 
and  administered  BOP,  and  administered  BOP  alone,  did  show  a  remarkable 
difference  in  the  incidence  and  multiplicity  of  any  of  the  following  lesions 
found  in  the  pancreas:  lipomatosis,  ductular  proliferation,  ductular  adenomas, 
ca  in  situ  and  carcinomas.  The  histological  results  on  the  hamsters  fed 
2-hydroxy  ethyl  retinamide  are  not  yet  available. 

In  the  chronic  33  weeks  study  it  was  found  that  all  4  retinoids  used  had 
side  effects  at  2  dose  levels  used  (0.4  and  .08  mM  of  13  cis  retinoic  acid 
and  0.5  and  1.0  mM  for  the  other  3  retinoids),  manifested  by  reduced  growth 
rates,  high  mortality,  hair  loss,  hemorrhages  in  the  liver,  subcutis  and 
especially  ovaries.  The  degree  of  the  side  effects  was  greater  after  13-cis 
retinoic  acid  and  4-hydroxy  phenyl  retinamide  than  the  other  2  retinoids. 
Additional  treatment  with  BOP  given  in  2  dose  levels  (10  and  40  mg/kg  body 
weight)  increased  the  side  effects  of  these  compounds.  These  effects  were 
more  pronounced  after  the  high  BOP  dose  (40  mg/kg  b.w.).  The  histologic 
evaluation  of  the  chronic  study  has  not  yet  been  completed. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Our  hamster  model  for  pancreatic  carcinogenesis  provides  a  unique  opportunity 
to  elucidate  factors  which  could  reduce  or  inhibit  the  growth  of  pancreas 
cancer,  which  presently  has  a  high  incidence  in  the  United  States,  and  rep- 
resents a  disease  with  almost  fatal  outcome.  The  retinoids  as  general 
chemopreventive  substances  may  be  promising  in  this  aspect. 

Proposed  Course:  It  is  important  to  use  lower  levels  of  retinoids  to  reduce 
or  eliminate  their  toxicity.  A  dose  of  0.10  mM  of  the  retinoids  used  may 
be  the  ideal  dose  for  our  study,  since  this  dose  level  was  well  tolerated 
in  our  preliminary  experiment.  We  also  suggest  using  a  low  level  of  BOP 
(10  mg/kg  b.w.)  since  high  doses  may  well  overwhelm  the  preventive  effect 
of  the  retinoids. 

Date  Contract  Initiated:  September  30,  1978 

Current  Annual  Level :  0 
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OREGON  STATE  UNIVERSITY  (N01 -CP-85660) 

Title:  Studies  of  Natural  Inhibitors  of  Chemical  Carcinogens 
Contractor's  Project  Director:  Russell  0.  Sinnhuber 
Project  Director  (NCI):  Dr.  Carl  E.  Smith 

Objectives: 

1.  Evaluate  a  number  of  naturally-occurring  substances  which  have  been  re- 
ported to  have  anti -carcinogenic  activity. 

2.  Determine  their  identity,  structure,  and  mode  of  action.  Aflatoxin  B-, , 
a  powerful  liver  carcinogen,  is  used  with  the  rainbow  trout  as  the  test 
system.  The  natural  food  components  which  will  be  investigated  are  members 
of  the  cruciferae  family  which  includes  brussel  sprouts,  broccoli  and 
cauliflower.  Certain  natural  flavones  and  related  compounds  which  have  been 
reported  to  have  similar  activity  will  also  be  examined  in  this  test  system. 
These  include  flavone,  tangaretin,  nobilitin,  g-napthoflavone  and  indole-3- 
carbinol . 

Major  Findings:  During  the  past  twelve  months,  several  enzyme  systems 
thought  to  be  important  in  carcinogen  metabolism,  and  inducible  by  natural 
dietary  inhibitors,  have  been  examined  in  the  trout  system.  Basal  (un- 
induced)  enzyme  levels  in  liver  of  juvenile  trout  on  control  diet  were  estab- 
lished for  benzo(a)pyrene  hydroxylase,  cytochrome  P450,  p-nitroanisole 
O-demethylase,  resorufin  0-deethylase,  and  ethoxycoumarin  0-deethylase.  The 
first  three  systems  were  also  assayed  in  Fischer  344  rats  on  semi-purified 
diet  and  found  to  be  substantially  higher  (7,10  and  3  fold,  respectively) 
than  in  young  trout,  which  may  account  in  part  for  the  enhanced  sensitivity 
of  trout  to  aflatoxin  carcinogenesis. 

B-Napthoflavone  was  chosen  for  the  contractors  initial  enzyme  induction 
studies  because  of  its  availability  and  because  it  has  been  reported  to  in- 
duce some  of  these  enzymes  in  rats  and  in  other  trout  strains.  All  five 
enzymes  were  shown  to  exhibit  marked  induction  in  their  trout  population  by 
this  compound  (two  fold  increase  over  controls  for  P450  10  to  25  fold  for  the 
other  enzymes).  Initial  experiments  were  also  carried  out  which  indicate 
that  induction  of  these  enzymes  by  g-napthoflavone  results  in  substantial 
reduction  in  aflatoxin  B,-DNA  adduct  formation  in  vivo  in  trout  liver. 
Feeding  trials  are  currently  in  progress  to  determine  whether  these  bio- 
chemical responses  are  accompanied  by  alterations  in  aflatoxin-initiated 
tumor  incidence  and/or  severity  in  trout. 

Feeding  trials  incorporating  cruciferous  vegetables  (10  and  20  percent 
each  of  broccoli,  cauliflower,  or  brussel  sprouts)  are  now  nearing  com- 
pletion. Tests  with  two  pure  compounds  of  suspected  inducing  activity 
from  these  vegetables  (50  and  500  ppm  each  of  benzyl isothiocyanate  or 
phenethylisothiocyanate)  were  also  included.  In  contrast  to  the 
g-napthoflavone  results,  these  dietary  components  were  found  to  produce 
at  most  only  marginal  effects  on  any  of  the  five  enzyme  systems  assayed. 


1505 


I 

Phenethyl  isothiocyanate  was  also  injected  i.p.  as  a  test  on  dietary  absorption   ^ 

and  uptake,  but  again  produced  no  apparent  response.  For  comparison,  Fischer 

rats  were  fed  a  diet  with  20  percent  of  the  same  cauliflower  lot  for 

21  days  and  enzyme  assays  carried  out.  Benzo(a)pyrene  hydroxylase 

specific  activity  increased  1.5  fold,  0-demethylase  by  1.3-2.7  fold,  and 

P450  by  1.1-1.3  fold;  final  levels  were  comparable  to  those  shown  in  the 

trout  induced  by  -napthoflavone.  Preliminary  screening  of  lots  of 

13-18  fish  6  months  post-exposure  to  various  combinations  of  aflatoxin 

and  the  above  test  dietary  components  have  been  carried  out.  Results 

indicate  that  all  diets  produced  a  gross  tumor  incidence  comparable 

(within  limits  of  sample  size)  to  the  30  percent  incidence  of  the  positive 

control  (aflatoxin  alone).  Although  final  figures  for  tumor  incidence  and 

severity  will  be  known  with  more  precision  after  9  month  and  12  month 

samples  are  taken,  the  results  to  date  suggest  little  if  any  protection 

against  aflatoxin  tumor  induction  by  these  diets. 

In  summary,  the  results  so  far  indicate  that: 

1.  Young  trout  on  control  diet  have  low  basal  levels  of  carcinogen  metabo- 
lizing enzymes  compared  to  Fischer  rats. 

2.  These  enzymes  can  be  highly  induced  in  trout. 

3.  Induction  protects  against  initial  DNA  alkylation  by  aflatoxin  in  vivo 

4.  Dietary  treatments  which  fail  to  induce  these  enzymes,  also  fail  to 
provide  protection  against  aflatoxin-initiated  liver  cancer  in  trout. 

It  has  not  yet  been  established  whether  dietary  substances  which  do  cause 
induction  of  these  enzymes,  also  depress  tumor  frequencey  or  severity;  i 

and  a  number  of  natural  compounds  remain  to  be  tested.  " 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Aflatoxin  B-, ,  is  reported  to  be  the  most  potent  liver  carcinogen  ever 
described,  is  present  in  many  of  our  foods,  yet  the  incidence  of  human 
liver  cancer  is  relatively  low.  It  is  conceivable  that  natural  substances 
in  our  food  are  partly  responsible  for  the  limited  occurrence  of  this  form 
of  cancer  by  stimulating  enzymes  which  detoxify  aflatoxins.  This  project 
investigates  this  hypothesis. 

The  aims  of  these  studies  are  to  investigate  the  relationship  between 
enzyme  induction  and  tumor  protection,  to  identify  the  classes  of  natural 
compounds  which  cause  this  response,  and  to  establish  the  mechanisms  through 
which  these  compounds  operate.  Since  such  complete  correlation  studies 
cannot  be  carried  out  in  man;  animal  models  must  be  used  initially.  However, 
there  is  no  reason  to  expect  that  all  animals,  including  man,  will  show 
equivalent  responses  to  all  putative  dietary  inhibitors.  It  is,  therefore, 
essential  to  use  a  variety  of  animal  models  and  to  establish  their  respon- 
siveness to  a  range  of  dietary  compounds. 
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The  results  to  date  demonstrate  that  trout  are  sensitive  to  aflatoxin, 
that  they  display  a  range  of  enzyme  induction  response  to  various  dietary 
components,  and  that  they  should  therefore,  be  a  very  productive  model 
for  these  correlation  and  mechanism  studies. 

Proposed  Course:  Feeding  trials  will  be  carried  out  for  naturally- 
occurring  flavones  including  lipid-soluble  (nobilitin  and  tangaretin) 
as  well  as  water  soluble  (dihydro  quercetin)  compounds.  Groups  of 
fish  held  for  several  weeks  on  diets  containing  two  different  doses 
of  the  test  compounds  will  be  assayed  for  enzyme  induction.  Other 
fish  from  the  same  groups  will  be  exposed  to  aflatoxin,  and  tumor 
incidence  and  severity  determined  at  6,  9,  and  12  months  by  our  usual 
protocol.  Similar  experiments  will  be  carried  out  for  e-napthoflavone. 

Experiments  will  also  be  carried  out  to  extend  our  results  on  putative 
natural  inhibitors  in  cruciferous  vegetables.  Some  of  the  feeding 
trials  with  cruciferous  vegetables  may  be  repeated  with  lower  doses 
of  aflatoxin,  depending  on  the  final  results  of  current  trials.  Feeding 
trials  will  be  carried  out  using  indole-3-carbinol ,  a  reported  component 
of  cruciferous  vegetables,  reported  to  be  a  highly  effective  inducer  in 
rats. 

The  effects  of  enzyme  induction  by  flavones  and  other  compounds  on  the 
patterns  of  metabolism  of  aflatoxin  B-, ,  will  also  be  examined  in  the 
next  12  months.  These  studies  will  be  aimed  at  more  clearly  understanding 
the  mechanisms  by  which  inducing  compounds  may  alter  tumor  incidence. 

Date  Contract  Initiated:  September  30,  1978 

Current  Annual  Level :  $45,312 

RESEARCH  TRIANGLE  INSTITUTE  (NOl -CP-75932) 

Title:  Synthesis  of  New  Retinoids  for  In  Vitro  Studies  of  Prevention  of 
Lung  Cancer  and  Other  Epithelial  Cancers 

Contractor's  Project  Director:  Dr.  F.  Ivy  Carroll 

Project  Director  (NCI):  Dr.  Michael  B.  Sporn 

Objectives:  The  objective  of  this  project  is  to  synthesize  retinoids 
possessing: 

1.  Effectiveness  in  controlling  cellular  differentiation  of  epithelial 
tissues. 

2.  Low  toxicity 

3.  Low  tendency  for  accumulation. 
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To  this  end,  and  based  on  published  information  on  the  subject,  the  contractor  g 
has  developed  a  program  which  proposed  the  synthesis  and  testing  of  the  " 
following  classes  of  retinoids: 

(a)  Derivatives  of  13-cis  retinoids 

(b)  Cyclic  derivatives  of  all-trans  retinoids 

(c)  All -trans  retinoids  substituted  in  the  polyene  side  chain 

(d)  Analogs  of  retinyl  amine 

Major  Findings:  During  the  past  twelve  month  period,  eight  new  retinoids 
were  submitted  for  testing  in  the  tracheal  organ  culture  (TOC)  at  NCI.  In 
addition,  two  previously  submitted  retinoids  were  prepared  in  larger 
quantities  for  advanced  testing. 

In  continuation  of  the  investigation  of  the  effectiveness  of  12-substituted 
retinoids  as  cancer  chemoprophylactic  agents,  five  new  retinoids  (1-5)  in 
this  class  were  synthesized,  characterized  and  submitted  to  NCI  for  testing 
in  the  TOC  screen. 

The  diacids  1  and  2,  all  trans-  and  13-cis-12-carboxyretinoic  acids, 
respectively,  along  with  the  previously  submitted  11,13-dicis  analog, 
complete  the  set  of  isomeric  diacids  in  which  the  effect  of  double  bond 
isomerism  was  to  be  studied.  The  lactone  3  will  provide  information  on  the 
effect  of  cyclic  terminal  groups,  and  the  diols  4  and  5  will  be  compared  to 
retinol  and  its  derivatives,  again  with  the  emphasis  on  the  difference  between 
geometric  isomers. 

Two  new  N-acyl-N-ethylretinylamines  (6  and  7)  and  one  N-acyl retinyl -amino       { 
acid  (8)  were  synthesized  and  submitted  for  testing.  Also,  two  N-acyl-N- 
methylretinylamines  (9  and  10)  were  resynthesized  in  40  plus  gram  amounts 
for  advanced  testing. 

1.  All-trans-12-carboxyretinoic  acid 

2.  13-cis-12-carboxyretinoic  acid 

3.  12-hydroxymethyl -11 ,13-dicis-retinoic  acid,  6-lactone 

4.  All -trans -12-hydroxymethyl -retinol 

5.  13-cis -12-hydroxymethyl retinol 

6.  N-acetyl-N-ethylretinylamine 

7.  N-benzoyl -N-ethylretinylamine 

8.  N-all-trans-retinyl-N,  0-diacetyl-L-serine  methyl  ester 

9.  All-trans-N-acetyl -N-methylretinylamine  (42.25  g) 
10.  All-trans-N-benzoyl -N-methylretinylamine  (41.1  g) 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
This  program  is  designed  to  provide  structure-activity  correlations  relating 
to  the  effects  of  geometric  isomerism  in  the  polyene  side  chain;  oxidation 
state,  conformation,  and  configuration  of  the  end  group  in  retinoids;  and 
N-substitution  of  retinylamine.  Such  a  correlation  will  aid  in  the  under- 
standing of  the  mechanism  of  action  of  retinoids  in  cancer  prevention  and 
regression,  as  well  as  to  the  design  and  synthesis  of  retinoids  with  desirable 
properties. 
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Proposed  Course:  To  continue  to  synthesize,  and  submit  to  NCI  for  testing, 
the  retinoids  listed  in  the  objectives. 

Date  Contract  Initiated:  September  30,  1977 

Current  Annual  Level :  0 

SOUTHERN  RESEARCH  INSTITUTE  (NOT -CP-85615) 
Title:  Studies  on  Toxicology  of  Retinoids 
Contractor's  Project  Director:  Dr.  E.  Paul  Denine 
Project  Officer  (NCI):  Dr.  Carl  E.  Smith 

Objectives:  The  objectives  of  the  proposed  research  under  this  contract  are: 

1.  To  evaluate  the  subacute  toxicity  of  new  retinoids  in  21  consecutive  daily 
drug  treatments.  These  studies  include  evaluations  of  overt  toxicity  and 
incidence  of  mortality,  treatment  related  alterations  in  hematology  and 
plasma  chemistry  profiles;  and  treatment-induced  lesions  in  organs  and 
tissues; 

2.  To  evaluate  the  subchronic  toxicity  of  new  retinoids  arising  from  daily 
drug  treatment  for  more  than  21  days,  but  not  more  than  90  days.  These 
studies  also  include  evaluation  of  overt  toxicity;  treatment  alterations 

in  hematology  and  plasma  chemistry  profiles;  and  treatment-induced  lesions 
in  organs  and  tissues; 

3.  To  design  and  conduct  experiments  related  to  elucidation  of  the  mechanism 
of  toxicity  of  retinoids. 

Major  Findings:  The  contractor  has  evaluated  and  compared  the  relative 
toxi ci ty  of  N- ( 2-hydroxyethyl ) reti nami de  (2-HER),  N-(4-hydroxy-phenyl) 
retinamide  (4-HPR),  and  N-ethylretinamide  (ER)  in  both  subacute  and  subchronic 
toxicity  studies.  In  subacute  studies,  rats  were  administered  retinoids 
orally  by  gavage  or  intraperitoneal ly.  The  rats  were  dosed  daily  for  21 
consecutive  days.  In  subchronic  studies  rats  and  mice  were  used.  The 
retinoids  were  administered  daily  by  oral  gavage  for  12  consecutive  weeks. 
The  highest  dose  administered  to  rats  or  mice  was  either  the  maximally 
tolerated  volume  or  the  LD-,^  (determined  in  preliminary  studies).  A  spread 
of  doses  which  were  less  than  the  LD-jq  was  administered  in  an  attempt  to 
detect  sublethal  dose-responsiveness.  Animals  were  monitored  throughout  the 
course  of  treatment  for  the  appearance  of  toxic  symptoms  and  for  weight  loss. 
On  the  day  prior  to  sacrifice,  surviving  animals  were  X-rayed.  On  the  day 
of  sacrifice,  animals  were  necropsied,  and  preselected  organs  removed  for 
histologic  evaluation.  Animals  were  also  bled  by  cardiac  puncture,  and  the 
collected  samples  were  subjected  to  hematological  and  clinical  chemistry 
evaluation. 

Results  of  these  studies  indicated  that  the  administered  dosages  were  sub- 
lethal (<LD-,p).  The  major  exception  to  this  was  found  in  the  subacute 
studies  of  4-HPR  in  which  the  highest  ip  dosages  appeared  to  exceed  the 
LD-,^.  Bone  fractures  were  not  detected  in  any  of  the  animals  in  the  subacute 
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or  subchronic  studies.  The  effects  of  retinoid  treatment  on  body 
weight  was  the  most  sensitive  clinical  indicator  of  toxicity.  No  sub- 
stantial effect  on  body  weight  was  seen  with  the  administration  of  4-HPR  or 
2-HER.  However,  animals  administered  ER  were  subject  to  weight  loss  which 
appeared  to  be  related  to  dosage. 

Otherwise,  toxicity  was  detected  by  hematological  and  clinical  chemistry 
profiles.  Although  slight  variation  was  observed  depending  on  the  retinoid, 
route  of  administration,  and  species;  subclinical  toxicity  was  generally 
characterized  by  slight  anemia,  slight  hypoproteinema  and  hypoalbuminema, 
slight  elevation  of  plasma  enzymes  (notably  alkaline  phosphatase)  and 
sporadic  alterations  in  plasma  electrolytes. 

Based  upon  the  results  of  subacute  studies  in  rats  in  which  the  retinoids 
were  delivered  orally  at  equal  dose  (mg/kg),  it  appears  that  the  order  of 
toxicity  of  these  retinamides  is  2-HER<4-HPR<ER.  However,  in  subchronic 
studies,  it  appears  that  rats  and  mice  tolerated  4-HPR  as  well  as  they  did 
2-HER  or  ER  when  the  former  retinoid  was  administered  at  three  times  the 
dose  of  the  latter  two.  All  three  of  these  retinamides  are  less  toxic  than 
al 1 -trans-retinoic. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
These  studies  clearly  indicate  that  the  synthetic  retinamides  may  be 
potentially  useful  chemopreventive  agents  for  certain  forms  of  neoplasias. 
This  is  based  on  the  results  of  our  studies  which  show  that  these  agents 
are  much  less  toxic  than  all -trans-retinoic  acid,  but  as  shown  by  others, 
are  reasonably  effective  in  inhibiting  the  development  of  breast  cancer  in- 
duced in  rats  by  N-nitroso-N-methylurea. 

Proposed  Course:  It  has  been  established  in  earlier  studies  that  13-cis- 
retinoic  acid  is  less  toxic  than  all-trans-retinoic  acid.  The  contractor  is 
now  in  the  process  of  evaluating  and  comparing  the  relative  toxicity  of  the 
all-trans  and  the  13-cis  isomers  of  the  4-HPR,  2-HER,  and  ER.  The  all-trans 
and  the  13-cis  isomers  of  each  retinamide  are  being  evaluated  in  simultaneous 
studies.  The  contractor  is  performing  21  days  acute  ip  and  oral  studies  in 
rats  and  mice  as  well  as  90  day  subchronic  oral  studies  in  rats  and  mice. 
In  addition  to  these  studies,  it  is  anticipated  that  during  the  next  year, 
they  will  be  able  to  begin  the  complete  comparative  and  simultaneous 
toxicological  evaluation  for  all-trans  and  13-cis-N-butylretinamide  and  all- 
trans  and  13-cis-N-(4-hydroxybutyl )retinamide. 

Date  Contract  Initiated:  September  30,  1978 

Current  Annual  Level :  $278,095 


SRI  INTERNATIONAL  (N01 -CP-75931 ) 

Title:  Synthesis  of  New  Retinoids  for  In  Vitro  Studies  of  Prevention  of 
Lung  Cancer  and  other  Epithelial  Cancers 
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Contractor's  Project  Director:  Dr.  Marcia  I.  Dawson 

Project  Officer  (NCI):  Dr.  Michael  B.  Sporn 

Objectives:  The  contractor  is  undertaking  the  synthesis  of  retinoids  that 
may  have  better  pharmacological  properties  than  those  that  have  already 
been  tested.  These  analogs  have  both  steric  and  electronic  modifications 
in  the  ring,  the  side  chain,  and  polar  terminus  of  the  retinoid  skeleton. 

Major  Findings:  The  following  retinoid  analogs  have  been  prepared: 

1.  Compounds  in  which  the  -cyclageranylidene  ring  has  been^replaced  by  2- 
norbornyl ,  1 ,1 -dimethyl -5-methyl-  H2-cyclohex-5-en-6-yl-4,4-  Hp  and  1,1- 
dimethyl-4,4-ethano-5-methylcyclohex-5-en-6-yl  groups;        ' 

2.  Compound  in  which  the  (13Z)-15-C02H  moiety  of  13-cis-retinoic  acid  has 
been  replaced  by  an  o-carboxyphenyl  ring. 

3.  Compounds  in  which  the  (HE,  13E)-15-C02H  moiety  of  retinoic  acid  has 
been  replaced  by  p-carboxy-m-methyl phenyl ,  p-carboethoxyphenyl ,  and  p- 
carboxyphenyl  groups; 

4.  Compound  in  which  the  (HE,  13E)-15-C02H  moiety  of  ethyl  5,6-epoxy- 
retinoate  has  been  replaced  by  a  p-carboetnoxyphenyl  group. 

The  testing  of  these  compounds  is  in  progress. 

The  preliminary  biological  testing  of  one  of  the  above  compounds,  and  some 
of  the  compounds  prepared  the  previous  year,  has  been  completed.  The  results 
are  presented  below.  The  compound  name,  given  first,  is  followed  by  the 
result  of  the  hamster-tracheal -organ  culture-assay  for  reversal  of  keratin- 
ization  which  is  expressed  as  the  percentage  of  cultures  lacking  keratin 
and  keratohyaline  granules  at  a  retinoid  concentration  of  10'  M  (a).  This 
assay  was  conducted  by  Dr.  M.  Sporn  at  NCI.  Next  is  listed  the  effect  of  the 
retinoid  on  the  inhibition  of  the  induction  of  ornithine  decarboxylase  by 
12-0-tetradecanoyl-phorbol-13-acetate  in  mouse  skin,  which  is  expressed  as 
the  percentage  of  enzyme  inhibition  at  two  dose  levels,  1.7  and  17  nmoles  (b). 
Amides  were  not  tested  in  this  assay  because  the  skin  lacks  the  enzymes 
necessary  for  hydrolyzing  them  to  an  active  form.  The  assay  was  conducted 
by  Dr.  T.  Helmes  at  SRI. 

a.  4-retinamidophenyl  sodium  sulfate:  a)  100% 

b.  Sodium  (4-retinamidophenyl-3-D-glucopyranosid)uronate:  a)  38% 

c.  Sodium  (2-retinamidoethyl-B-D-glucopyranosid)uronate:  a)  14% 

d.  Ethyl  (E)-3,7-dimethyl-9-(4-dimethylaminophenyl)-2, 4,6,8- 
nonatetraenoate:  a)  0%;  b)  0%,  0%. 

e.  (E)-5[2,6-dimethyl-8-(2,5,6-trimethyl-l-cyclohexen-l-yl)-l,3,5,7- 
octatetraen-l-yl]tetrazole:  a)  20%;  b)  3%,  13% 

f.  (IE,  3E)-l-(4-carboxyphenyl)-2-methyl-4-(2,6,6-trimethyl-l-cyclo- 
hexen-l-yl)-l,3-butadiene:  a)  100%;  b)  62%,  77% 

g.  ( IZ ,3E)-1 -(4-carboxyphenyl ) -2-methyl -4-(2 ,6 ,6-trimethyl -1 -cycl ohexen- 
l-yU-l  ,3-butadiene:  a)  33%;  b)  33%,  43% 

h .  ( E) -3 ,7-dimethyl -9-(2-ethyl -6 ,6-dimethyl -1 -cycl ohexen-1 -yl ) -2 ,4,6 ,8- 

nonatetraenoic  acid:  a)  100%;  b)  66%,  85%. 
i.  R-etinoic  acid:  a)  88%;  b)  87-91%  (1.5  nmoles). 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Retinoid  deficiency  enhances  the  susceptibility  of  the  epithelial  tissue 
of  the  colon,  bladder,  and  lung  of  experimental  animals  to  chemical  carcino- 
genesis. Synthetic  retinoids  can  inhibit  the  development  of  epithelial 
cancer  of  the  skin,  respiratory  tract,  mammary  gland,  and  bladder  in  ex- 
perimental animals,  and  can  reverse  the  hyperplasia  induced  by  chemical 
carcinogens  in  prostatic  and  tracheal  organ  cultures.  Synthetic  retinoids 
are  required  because  the  prophylactic  usefulness  of  the  natural  retinoids 
is  limited  by  their  toxicity,  tissue  distribution  pattern,  and  metabolic 
deactivation.  Synthetic  efforts  must  be  aimed  at  developing  nontoxic 
retinoids  which  can  be  administered  regularly  to  augment  normally  operative 
body  mechanisms  that  arrest  or  reverse  preneoplastic  processes  during  the 
progression  to  invasive  malignancy. 

Proposed  Course:  To  continue  the  preparation  of  retinoid  analogs;  making 
use  of  any  structure-activity  data  that  become  available  for  the  design 
of  future  compounds. 

Date  Contract  Initiated:  September  30,  1977 

Current  Annual  Level :   0 

WISCONSIN,  UNIVERSITY  OF  (NO! -CP-75905) 

Title:  Long-term  Studies  of  Prevention  of  Epithelial  Cancer  by  Retinoids 

Contract  Project  Director(s):  Dr.  William  A.  Croft 

Dr.  George  T.  Bryan 

Project  Officer  (NCI):  Dr.  Carl  E.  Smith 

Objectives:  To  determine  if  certain  retinoids  are  effective  agents 
in  the  prevention  or  regression  of  urinary  bladder  cancer  induced  by 
FANFT  under  given  experimental  conditions. 

Major  Findings:  The  long-term  study  of  prevention  of  epithelial  cancer  by 
retinoids,  using  N-[4-(5-nitro-2-furyl )-2-thiazolyl]formamide  (FANFT)  as  the 
carcinogen,  and  13-cis-retinoic  acid  as  the  retinoid,  and  placebo  as  carrier 
of  the  retinoid  has  been  continued  over  the  last  12  months.  The  animals,  rats 
Fischer  344,  have  been  sacrificed,  and  all  the  tissues  have  been  processed. 
In  summary,  13-cis-retinoic  acid  reduced  the  incidence  of  urinary  bladder 
tumor,  when  administered  with  the  FANFT,  at  level  of  P.  value  of  0.05. 
It  appears  that  13-cis-retinoic  acid  decreases  the  binding  of  the  carcinogen 
within  the  urinary  bladder. 

In  another  study,  using  FANFT  as  the  urinary  bladder  carcinogen,  three 
retinoids  are  also  being  tested  for  their  effectiveness  against  urinary 
bladder  cancer.  The  three  retinoids  are  N-ethyl  retinamide,  N-(2-hydroxy- 
ethyl )  retinamide,  and  13-cis-retinoic  acid.  The  retinoids  studied  were 
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started  after  FANFT  administration  in  the  rats.  The  animals  were  all 
sacrificed  and  have  been  histologically  read.  There  did  not  appear  to  be 
a  significant  reduction  of  tumors  in  the  urinary  bladder  from  any  of  the 
three  retinoids  tested. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
If  retinoids  are  effective  in  the  inhibition  of  urinary  bladder  cancer 
after  the  induction  by  the  administration  of  FANFT,  then  retinoids  may  be 
used  in  the  treatment  of  urinary  bladder  cancer  in  man. 

Proposed  Course:  The  proposed  course  is  to  demonstrate  which  retinoid  is 
effective  in  causing  regression  of  urinary  bladder  cancer  in  animals,  so 
that  this  can  then  be  considered  for  man. 

Date  Contract  Initiated:  September  30,  1977 

Current  Annual  Level :  0 
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CHEMICAL  AND  PHYSICAL  CARCINOGENESIS  BRANCH 
GRANTS  ACTIVE  DURING  FY80 
CHEMOPREVENTION 


Investigator/ Institute/Grant  Number 

AWASTHI,  Yogesh  C. 

University  of  Texas  Medical  Branch 

Galveston 

1  ROl  CA  27967-01 

BERTRAM,  John  S. 

Roswell  Park  Memorial  Institute 

5  ROl  CA  25484-02 

BLACK,  Homer  S. 

Baylor  College  of  Medicine 

5  ROl  CA  13464-08 

BUEDING,  Ernest 

Johns  Hopkins  University 

5  ROl  CA  18251-05 

CHAN,  Jarvis  T. 

Texas  Southern  University 

5  ROl  CA  23684-03 

GIFFORD,  George  E. 
University  of  Florida 
5  ROl  CA  22183-02 

HILL,  Donald  L. 

Southern  Research  Institute 

1  ROl  CA  26389-01 

MATHEWS-ROTH,  Michel ine  M. 
Peter  Bent  Brigham  Hospital 
5  ROl  CA  23053-03 

MEHTA,  Rajendra  G. 
IIT  Research  Institute 
5  ROl  CA  26030-02 

ONG,  David  E. 
Vanderbilt  University 

2  ROl  CA  20850-04 


Title 

Mechanisms  of  Anti-carcinogenic 
Effect  of  Antioxidants 


Inhibition  of  in  vitro  Trans- 
formation by  Retinoids 


Photochemical  Reactions  Related 
to  Skin  Cancer 


Protection  Against  Mutagenic 
Effects  of  Drugs 


Antioxidant  Reversed  Cytotoxicity 
and  Carcinogenesis 


Nutritional  Aspects  of  Vitamin  A 
and  Cancer 


Disposition  and  Chemopreventive 
Activity  of  Retinoids 


Carotenoids  as  Antitumor  Agents 
for  Skin  Tumors 


Retinoids  and  Mammary 
Carcinogenesis 


Cancer  and  Vitamin  A 


1514 


SHKLAR,   Gerald 
Harvard  University 
5  ROl    CA  23524-03 

STOHRER,  Gerhard 

Sloan  Kettering  Institute  for 

Cancer  Research 

5  ROl  CA  22609-03 

SULLIVAN,  Paul  D. 
Ohio  University  Athens 
5  ROl  CA  22209-02 

WATTENBERG,   Lee  W. 
University  of  Minnesota 
Minneapolis-St.   Paul 
5  ROl    CA  14146-08 

WATTENBERG,  Lee  W. 
University  of  Minnesota 
Minneapolis-St.  Paul 
5  ROl  CA  09599-22 

WOLF,  George  D. 

Massachusetts  Institute  of 

Technology 

2  ROl  CA  13792-i04 


Oral  Carcinogenesis, 
Vitamin  A  and  Retinoids 


Purine  Derivatives  and  Other 
Chemical  Carcinogens 


Antioxidants  Interaction  with 
Benzopyrene  and  Derivatives 

Inhibition  of  Chemical 
Carcinogenesis 


Microsomal  Induction  and 
Response  to  Carcinogens 


Vitamin  A  and  Glycoproteins  of 
Skin  Tumors 
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SUMMARY  REPORT 
MOLECULAR  CARCINOGENESIS 

Research  supported  under  the  Molecular  Carcinogenesis  category  focuses  on 
changes  in  physiological  compounds  and  processes  produced  by  carcinogens, 
effects  of  carcinogens  on  cell  structure,  ul  trastructure  and  function, 
carcinogen-mutagen  relationship,  DNA  repair  in  carcinogenesis,  molecular 
structure-activity  relationships,  and  enzymes  characteristically  associated 
with  the  carcinogenic  process.  Contracts  currently  in  this  category  fall 
into  five  general  areas:   (1)  the  development  and  validation  of  test  systems 
for  potential  carcinogens  and  promoters;  (2)  the  role  of  DNA  repair  in  car- 
cinogenesis; (3)  the  identification  of  environmental  carcinogens;  (4)  car- 
cinogen metabolism  in  human  tissues;  (5)  the  changes  in  cell  membranes  and 
transport  as  a  result  of  carcinogen  or  tumor  promoter  treatment.  The  major 
accomplishments  of  each  of  these  areas  are  highlighted  below: 

Development  and  Validation  of  Test  Systems 

Several  contractors  are  conducting  research  to  develop  and  validate  animal, 
cell  culture,  microbial,  and  enzymatic  test  systems  for  use  in  detecting 
chemicals  which  are  carcinogens  or  tumor  promoters.  Two  contractors  are 
developing  hairless  mouse  model  systems  for  ultraviolet  radiation  (UVR) 
carcinogenesis  studies.  At  Temple  University  (NOl -CP-85603)  ten  stocks  and 
strains  of  mice  (carrying  recessive  mutations  for  the  hairless  trait)  are 
being  evaluated  for  sensitivity  to  UV  photocarcinogenesis .  Immunologic 
responses  following  UV  exposure  will  also  be  compared.  Mice  with  four 
different  autosomal  dominant  mutations  resulting  in  a  hairless  phenotype 
are  being  evaluated  at  DOE/Oak  Ridge  National  Laboratory  (YOl-CP-90201 ) . 
The  hairless  phenotype  is  being  introduced  into  two  inbred  strains  (BALB/c 
and  C57BL/6)  by  backcrossing.  Initial  studies  on  two  mouse  strains  suggest 
that  the  various  demonstrated  differences  in  immunological  parameters  are 
not  sufficient  to  explain  the  demonstrated  difference  in  susceptibility  to 
skin  carcinogenesis. 

Various  cell  culture  and  enzymatic  test  systems  for  the  detection  of  car- 
cinogens are  being  developed  and  refined  by  five  contractors.  Rodent  liver 
cells  are  used  by  two  contractors  as  both  the  source  of  carcinogen  meta- 
bolizing enzymes  and  as  indicator  cells  for  the  action  of  the  tested  chemi- 
cals. At  the  University  of  North  Carolina  (NOl -CP-55707)  several  liver 
epithelial  cell  lines  have  been  isolated.  These  have  been  used  to  examine 
the  metabolism  of  two  procarcinogens  ,  benzo(a)pyrene  and  biphenyl,  and  also 
to  observe  certain  step-wise  and  progressive  modifications  in  growth  in  the 
transformation  process  which  culminates  in  tumorigenicity .  The  early  steps 
in  the  transformation  sequence  are  being  evaluated  as  markers  for  ultimate 
tumorigenicity  and  as  assay  end-points  which  would  result  in  a  rapid  screen- 
ing procedure.  The  ability  to  elicit  unscheduled  DNA  synthesis  or  DNA  repair 
is  being  used  as  an  end-point  by  investigators  at  the  University  of  Wisconsin 
(N01-CP-85609) .  For  these  studies,  primary  cultures  of  adult  rat  hepatocytes 
maintained  on  collagen  ael/nylon  mesh  are  being  used.  The  importance  of 
specific  hormones  (dexamethasone  and  glucagon)  in  maintaining  the  capability 
for  repair  of  DNA  damage  produced  by  2-acetylaminofluorene  and  methyl  methane 
sulfonate  was  demonstrated. 
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A  cell -mediated  mutagenesis  assay  utilizing  mutable  Chinese  hamster  V79  cells 
co-cultivated  with  primary  cultures  of  hepatocytes  was  originally  developed 
at  DOE/Oak  Ridge  National  Laboratory  (YOl-CP-70222) .  The  sensitivity  of  this 
assay  was  enhanced  by  improving  culture  conditions  and  by  introducing  a  liver 
slicing  method  for  the  isolation  of  hepatocytes.  With  nitrosamines  the  sensi- 
tivity of  the  assay  was  increased  by  two  to  three  orders  of  magnitude. 

At  the  Weizmann  Institute  of  Science  (NOl -CP-33220)  a  screening  procedure 
was  developed  utilizing  lines  of  SV40-transformed  Chinese  hamster  cells. 
Viral  DNA  synthesis,  which  is  induced  by  chemical  carcinogen  treatment,  is 
measured  in  single  cells  by  hybridization  with  a  [  P]  SV40  DNA  probe  and 
visualized  by  autoradiography.  The  response  was  shown  to  be  proportional 
to  the  concentration  of  benzo(a)pyrene  (BaP)  and  BaP  diol  epoxide  used. 

An  investigator  at  the  University  of  Illinois  (NOl -CP-95631 )  is  examining  the 
effects  of  selected  carcinogens  on  rat  liver  nucleolar  and  nucleoplasmic  RNA 
synthesis.  Aflatoxin  Bi  appears  to  impair  nucleolar  template  function  and 
methyl azoxymethanol  acetate  selectively  inhibits  RNA  polymerase  II  activity. 
This  inhibition  of  nuclear  RNA  synthesis  by  carcinogens,  if  shown  to  be  a 
general  phenomenon,  may  be  a  useful  parameter  in  a  screening  system  for 
potential  carcinogens. 

The  carcinogenesis  process  can  be  broken  down  into  a  minimum  of  two  stages  - 
initiation  and  promotion.  There  are  few  cell  culture  systems  in  which  two- 
stage  carcinogenesis  can  be  studied  in  vitro.  Two  contractors  have  been 
developing  cell  culture  systems  for  this  purpose,  one  using  fibroblasts  and 
one  using  epithelial  cells.  At  the  University  of  Souther  California 
(NOl-CP-65831 )  mouse  C3H/10T%  cells  have  been  used  to  develop  an  in  vitro 
initiation-promotion  system.  The  phenomena  of  inhibition  of  cell  differentia- 
tion and  changes  in  cell  morphology,  which  are  associated  with  phorbol  ester 
tumor  promoter  action,  were  examined  to  determine  their  specificity  for  tumor 
promoters.  The  data  demonstrate  that  the  above  phenomena  will  not  be  useful 
as  criteria  to  screen  for  tumor  promoters  in  the  environment.  To  parallel 
the  established  mouse  skin  two-stage  tumorigenesis  model,  the  investigators 
at  DOE/Oak  Ridge  National  Laboratory  (YOl-CP-70227)  have  been  developing  a 
two-stage  transformation  system  utilizing  epidermal  cells  from  skin  tumor 
sensitive  mice.  Following  improvements  in  cell  culture  conditions,  it  was 
demonstrated  that  these  cells  can  be  transformed  to  cell  lines  which  give 
rise  to  keratinizing  squamous  cell  carcinomas  when  injected  into  nude  mice. 

At  Columbia  University  (N01-CP-95600)  investigators  have  obtained  evidence 
that  the  site  of  action  of  the  potent  tumor  promoter  12-0-tetradecanoyl- 
phorbol-13-acetate  (TPA)  is  the  cell  surface  membrane.  TPA  was  shown  to 
stimulate  2-deoxyglucose  uptake,  increase  membrane  fluidity,  alter  phospho- 
lipid metabolism  and  induce  platelet  aggregation.  Also,  TPA  inhibited 
erythroid  differentiation  of  murine  erythroleukemia  cells  and  enhanced 
adenovirus-induced  transformation  of  rat  embryo  cells.  Some  of  these  pheno- 
mena may  have  potential  use  as  criteria  in  a  short  term  test  for  tumor 
promoters. 
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The  predictive  value  of  many  short  term  tests  for  potential  carcinogens  is 
based  on  the  assumed  association  betwen  mutagenesis  and  neoplastic  trans- 
formation. At  the  Johns  Hopkins  University  (NOl -CP-55713)  investigators 
have  described  quantitatively  and  characterized  temporally  the  transformation 
process  in  diploid  Syrian  hamster  embryo  cells.  Somatic  cell  genetic  studies 
suggest  that  some  nonmutational  events  and  interactions  between  genetic  and 
epigenetic  factors  are  important  in  the  process  of  neoplastic  transformation. 
Investigators  at  the  International  Agency  for  Research  on  Cancer  (NOl-CP-55630) 
have  tested  180  compounds  in  the  Salmonel la/S9  assay  and  34  compounds  in  the 
Chinese  hamster  V79  system  in  the  presence  of  different  metabolic  activation 
systems.  Among  the  problems  to  be  analyzed  were  the  predictive  value  of  the 
test,  quantitative  mutagenicity/carcinogenicity  relationships,  and  the  effect 
of  different  sources  and  concentrations  of  activating  enzymes  on  the  results. 

DNA  Repair 

Important  studies  on  the  role  of  DNA  repair  in  mutagenesis  and  carcinogenesis 
are  being  conducted  by  several  contractors.  It  is  well  established  that 
individuals  with  certain  recessively  inherited  genetic  disorders  such  as 
xeroderma  pigmentosum  (XP),  ataxia  telangiectasia  (AT),  Fanconi's  anemia  (FA), 
and  Bloom's  syndrome  (BS)  have  a  significantly  higher  predisposition  to 
cancer.  These  autosomal  recessive  disorders  are  associated  with  defects  in 
the  cell's  ability  to  repair  DNA  damage.  Three  contractors  are  developing 
methods  for  the  detection  of  heterozygous  carriers  of  these  genetic  disorders 
who  may  also  be  more  cancer  prone.  The  contractors  at  the  University  of 
Chicago  (NOl -CP-85669)  have  discovered  a  heterogeneity  in  the  ability  of 
lymphoblasts  from  normal  individuals  to  remove  0"-alkylguanine  lesions  from 
their  DNA.  This  suggests  the  possibility  of  a  widespread  human  polymorphism, 
which  may  be  genetic  or  developmental  in  nature,  and  may  indicate  that  this 
may  be  a  useful  criteria  for  detecting  heterozygous  carriers  of  the  XP  dis- 
order. At  the  Sloan-Kettering  Institute  (NOl -CP-85665)  the  approach  taken 
involves  the  development  of  methods  which  are  based  on  chromosome  instability 
(chromosome  breakage  and  sister  chromatid  exchange)  as  the  endpoint.  A  suc- 
cessful method  for  the  detection  of  FA  now  permits  its  diagnosis  pre-  and 
postnatal ly  and  thus  permits  the  detection  of  heterozygous  carriers.  The 
approach  taken  by  investigators  at  the  Johns  Hopkins  University  (NOl -CP-85670) 
involves  the  development  of  a  sensitive  and  specific  immunological  assay  which 
will  measure  the  level  of  DNA  repair  enzymes  present  in  cells.  A  variety  of 
human  repair  enzymes  are  being  isolated  and  purified  for  use  as  antigens  to 
prepare  monoclonal  antibodies. 

Two  investigators  supported  by  interagency  agreements  with  DOE  are  also 
studying  aspects  of  DNA  repair  in  man.  At  Oak  Ridge  National  Laboratory 
(Y01-CP-90203)  investigators  are   characterizing  the  repair  process  in  normal 
human  cells  and  in  cells  from  XP  patients  which  have  been  damaged  by  UV  radia- 
tion or  chemical  agents.  The  addition  of  arabinofuranosyl  cytosine  (ara-C) 
in  the  presence  of  hydroxyurea  was  found  to  inhibit  steps  in  excision  repair 
of  DNA.  The  nature  of  the  ara-C  effect  is  being  studied  further.  Also  at 
the  Oak  Ridge  National  Laboratory  (YOl-CP-90208)  investigators  are  attempting 
to  genetically  dissect  the  DNA  repair  systems  in  man  and  to  identify  and  map 
the  number  and  kinds  of  genes  required  for  DNA  repair.  Man  x  mouse  somatic 
cell  hybrids  are  being  used  for  this  purpose  and  also  to  determine  the  chro- 
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mosomal  assignment  for  the  XP  genetic  defect.  Thus  far,  the  assignment  of 
genes  involved  in  the  repair  of  UV-induced  DNA  damage  has  been  excluded  from 
from  all  but  three  human  chromosomes. 

Through  another  interagency  agreement  with  DOE  at  Brookhaven  National  Labora- 
tory (YOl-CP-50202),  the  quantitative  relationship  between  DNA  damage  by  UV 
radiation  or  chemical  agents  and  the  development  of  neoplastic  transformation 
was  studied  in  the  fish,  Poecilia  formosa.  UV  irradiated  or  chemically 
exposed  thyroid  cells,  injected  into  isogenic  recipient  fish,  give  rise  to 
exuberant  thyroid  growths  which  metastasize. 

Basic  questions  regarding  DNA  repair  and  mutagenesis  are  being  examined  by 
investigators  at  Oak  Ridge  National  Laboratory  (YOl-CP-70222) .  Mutants  of 
Chinese  hamster  V79  cells  which  exhibit  enhanced  DNA  repair  following 
carcinogen/mutagen  insult  are  being  isolated.  One  such  mutant  (VR-43) 
exhibits  an  enhanced  post-replication  repair  after  methylnitrosoguanidine 
but  not  after  ethylnitrosoguanidine  or  methyl  methane  sulfonate  treatment. 

Identification  of  Environmental  Carcinogens 

Various  N-nitroso  compounds  may  be  the  cause  of  certain  types  of  human  cancer. 
Studies  on  the  formation  and  identification  of  these  compounds  in  the  environ- 
ment or  workplace  are  being  conducted  by  two  contractors.  Investigators  at 
the  Massachusetts  Institute  of  Technology  (NOl -CP-33315)  have  been  studying 
the  nitrosation  of  the  major  food  items  in  the  high-risk  gastric  cancer 
region  of  Colombia,  South  America.  Exposure  of  corn  to  nitrite  under  simulated 
gastric  conditions  yielded  N-nitroso  compounds  and  other  compounds  such  as 
nitrohexane  and  3-nonenylnitrolic  acid.  Fava  beans  have  yielded  a  currently 
unidentified  mutagenic  substance.  The  chemistry  of  gastric  juice  from 
Colombia  and  a  low-risk  area  (Boston)  have  been  compared  with  important 
differences  noted  in  nitrite  stability  and  in  the  capacity  to  generate  nitro- 
samine  from  added  amines. 

At  the  University  of  Missouri  (NOl -CP-75946)  methods  were  developed  for  the 
purification  and  characterization  of  N-nitrosodiethanolamine  from  metal - 
working  fluids  and  for  the  characterization  of  products  from  the  base-induced 
fragmentation  of  N-nitrosodi ethyl  amine.  This  nitrosamine  is  apparently  formed 
in  metalworking  fluids  from  di  -  or  more  likely  triethanolamine  in  the  absence 
of  nitrite. 

Carcinogen  Metabolism  in  Humans 

Data  on  the  metabolism  of  carcinogens  in  humans  is  currently  limited.  The 
acquisition  of  this  knowledge  is  needed  to  establish  the  relevance  of  animal 
carcinogenicity  data  and  its  extrapolation  to  humans.  Two  contractors  are 
engaged  in  the  isolation  and  purification  of  the  human  polycyclic  aromatic 
hydrocarbon  (PAH)  metabolizing  enzymes  and  the  production  of  antisera  to  these 
enzymes.  At  the  University  of  Texas  (NOl-CP-85671 ) ,  three  enzymes  involved 
in  the  detoxification  pathway  of  PAH  metabolism  (phenolsulfotransferase, 
glutathione-S-transferase  and  UDP-glucuronyl  transferase)  have  been  isolated 
from  human  liver  and  purified  to  varying  degrees.  Thus  far,  single  forms 
of  phenolsulfotransferase  and  UDP-glucuronyl  transferase  and  two  forms  of 
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glutathione-S-transferase  with  differing  substrate  specificities  have  been 
shown  to  be  present  in  human  liver.  Investigators  at  Vanderbilt  University 
(NO! -CP-85672)  have  concentrated  their  studies  on  the  microsomal  enzymes 
associated  with  the  activation  pathway  of  PAH  carcinogens.  Different  forms 
of  cytochromes  P-450,  NADPH-cytochrome  P-450  reductase,  and  epoxide  have  been 
purified  from  human  liver,  some  to  electrophoretic  homogeneity.  Antibodies 
to  these  enzymes  have  been  prepared  and  the  immunological  crossreactivity  of 
rat  liver  and  human  enzymes  is  being  examined.  The  availability  of  these 
human  carcinogen  metabolizing  enzymes  will  facilitate  the  comparison  of  car- 
cinogen metabolism  in  humans  and  experimental  animals.  The  antibodies  may 
eventually  be  useful  in  the  development  of  radioimmune  assays  to  measure 
levels  of  these  enzymes  in  other  human  tissues. 

Investigators  at  the  International  Agency  for  Research  on  Cancer  (NOl-CP- 
55530)  have  demonstrated  that  human  liver  and  lung  specimens  exhibit  large 
inter-individual  differences  in  the  metabolic  activity  of  microsomal  enzymes 
toward  several  different  carcinogens.  The  data  obtained  provide  support  for 
the  existence  of  nontoxic  predictor  drugs  which  possibly  can  be  used  to 
assess  the  rate  of  metabolism  of  environmental  carcinogens  in  humans  in  vivo. 

Cell  Membranes  and  Transport 

Alterations  of  cell  membrane  structure,  properties,  and  function  are  known 
to  occur  when  cells  are  exposed  to  phorbol  ester  tumor  promoters  or  are 
transformed  by  chemical  or  viral  agents.  An  increased  uptake  of  various 
nutrients  and  precursors  is  one  of  the  changes  which  occurs.  Investigators 
at  the  Hebrew  University  (NOl -CP-95625)  are  studying  the  relationship  between 
membrane  transport  (uridine  uptake)  changes  and  the  development  of  the  malig- 
nant state.  Their  studies  suggest  that  there  is  no  close  relationship.  Also, 
the  mode  of  action  of  various  inhibitors  of  uridine  uptake  in  mammalian  cells 
was  studied  in  great  detail. 

At  the  Oak  Ridge  National  Laboratory  (NOl -CP-90205)  the  investigator's 
working  hypothesis  is  that  an  early  effect  of  phorbol  ester  tumor  promoter 
treatment  of  cells  is  an  enhanced  membrane  potential.  This  would  result  in 
an  enhanced  driving  force  on  potential -coupled  amino  acid  uptake,  an  effect 
which  was  detectable  30  minutes  after  the  exposure  of  cells  to  tumor  promoters, 
This  increased  uptake  of  nutrients  would  result  in  an  increased  availability 
of  precursors  for  cell  growth.  The  mechanism  of  transport  regulation  appears 
to  be  centered  on  the  activity  or  uncoupling  of  the  alkali-cation  transporter 
which  is  identified  as  the  membrane  bound  enzyme,  Na"''-K  ATPase. 
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CONTRACT  NARRATIVES 
MOLECULAR  CARCINOGENESIS 

CHICAGO,  UNIVERSITY  OF  (N01 -CP-85669) 

Title:  Identification  of  Heterozygous  Carriers  of  DNA  Repair  Defects 

Contractor's  Project  Director:  Dr.  Bernard  S.  Strauss 

Project  Officer  (NCI):  Dr.  David  G.  Longfellow 

Objectives:  To  determine  whether  heterozygotes  for  DNA  repair  defects  are  at 
a  greater  risk  for  environmental  carcinogenesis.  As  a  model  disease  xeroderma 
pigmentosum  was  chosen.  Patients  with  this  disease  have  a  defect  associated 
with  an  inability  to  remove  pyrimidine  dimers  from  DNA  and  have  an  exquisite 
sensitivity  to  sunlight  induced  tumorigenesis .  The  approach  adopted  to  answer 
the  question  posed  is  based  on  the  reported  association  of  the  inability  of 
cells  from  patients  with  xeroderma  pigmentosum  to  remove  0°-alkylguanine 
lesions  from  their  DNA.  Such  lesions  can  be  detected  chemically  and  immuno- 
chemically  and  activity  for  the  removal  of  such  lesions  has  been  reported  in 
extracts  of  animal  cells. 

Major  Findings:  Because  of  the  reports  that  xeroderma  fibroblasts  were  defi- 
cient in  their  ability  to  excise  0^-alkylguanine  formed  by  reaction  of  cells 
with  either  N-methyl  or  N-ethyl  nitrosourea,  the  presence  of  0^-methyl  adducts 
was  used  as  a  probe  for  xeroderma  cells.  The  kinetics  of  removal  of  O^-methyl 
groups  from  the  DNA  of  lymphoblastoid  cells  treated  with  N-methyl-N '-nitro-N- 
nitrosoguanidine  (MNNG)  are  complex.  It  is  likely  that  more  than  one  process 
is  involved,  but  there  is  clearly  a  fast  process,  mostly  completed  within  the 
first  hour.  This  fast  reaction  is  about  equal  in  rate  to  the  removal  of 
3-methyladenine  and  is  relatively  rapid  in  comparison  to  the  published  rates 
of  removal  of  pyrimidine  dimers. 

Of  eighteen  lymphoblastoid  lines  tested  so  far,  12  lines  removed  the  methyl 
adduct  rapidly  and  6  lines  were  completely  unable  to  remove  the  lesion.  The 
XPA-3  line,  a  complementation  group  C  xeroderma  pigmentosum  line,  did  not 
excise  the  lesion,  confirming  previous  results.  However,  the  removal  of  0°- 
methylguanine  in  several  xeroderma  lines  was  observed.  Also  failure  to 
remove  O^-methyl guanine  induced  by  treatment  with  MNNG  was  observed  in  lines 
from  several  different  non-xeroderma  sources,  including  lines  derived  from  a 
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spherocytosis  patient  and  one  with  infectious  mononucleosis.  Thus,  it  was 
concluded  that  in  lymphoblastoid  lines,  the  inability  to  remove  O^-methyl- 
guanine  adducts  is  not  related  to  the  xeroderma  characteristic.  The  ability 
to  remove  adducts  is  termed  "mex"*""  and  inability,  "mex~"  (methyl  excision 
negative);  "mex"*""  lines  include  xeroderma  lymphoblastoid  lines  and  Burkitt's 
lymphoma  derived  lines.  It  is  hypothesized  that  the  mex"*"  characteristic  is 
gene  controlled,  but  data  from  critical  families  showing  the  expected  segre- 
gation is  not  now  available.  Both  mex"*"  and  mex"  strains  respond  to  treat- 
ment with  MNNG  with  increased  repair  synthesis.  One  interpretation  of  this 
finding  is  that  MNNG  produces  a  variety  of  lesions,  some  of  which  are  repaired 
by  reactions  involving  repair  synthesis.  Another  interpretation  is  that  0^- 
methylguanine  removal  either  is  a  minor  reaction  which  does  not  show  up  in 
the  repair  measurements,  or  is  not  accompanied  by  base  removal  as  suggested 
by  the  published  results  of  in  vitro  studies.  The  observations  suggest  that 
there  are  different  populations  of  lymphoid  cells,  and  perhaps  also  of  indivi- 
duals, with  different  sensitivities  to  compounds  of  the  MNNG  type. 

Measurements  of  repair  synthesis  by  benzoyl ated  naphthoylated  DEAE  cellulose 
(BND  cellulose)  requires  the  addition  of  hydroxyurea  to  inhibit  replicative 
DNA  synthesis.  Potential  artifacts  in  the  methodology  which  were  discovered 
are  that  hydroxyurea  may  inhibit  the  repair  synthesis  reactions,  and  react 
directly  with  some  mutagens.  To  overcome  the  potential  hydroxyurea  artifacts, 
the  following  modification  in  methodology  was  made.  Cells  were  treated  with 
carcinogen  in  the  absence  of  hydroxyurea.  Then,  DNA  synthesis  inhibitor  was 
added  and  the  cells  were  incubated  for  20  minutes  to  allow  the  establishment 
of  inhibition.  Repair  was  measured  using  one-hour  incubation  with  [^H] 
thymidine. 

Significance  to  Biomedical  Research  and  the  Program  of  thg  Institute: 
The  discovery  of  heterogeneity  in  the  ability  to  remove  0*^ -methyl guani ne 
among  the  population  of  lymphoblasts  obtained  from  normal  individuals  sug- 
gests the  possibility  of  a  widespread  human  polymorphism.  Either  this  is  a 
genetic  polymorphism,  which  seems  most  likely  considering  the  results  so  far, 
or  it  is  a  developmental  polymorphism  with  lymphoid  cells  being  special. 
Either  hypothesis  predicts  that  some  individuals  (or  tissues)  should  be  more 
susceptible  to  tumorigenesis  than  others.  If  the  differences  seen  between 
lymphoblast  lines  from  individuals  are  also  reflected  in  primary  cell  cul- 
tures (e.g.,  lymphocytes)  of  such  individuals,  then  populations  which  should 
differ  in  their  mutagenic  response  to  methylating  agents,  may  have  been  dis- 
covered, since  O^-methylguanine  is  an  important  adduct  for  mutation.  The 
objective  of  the  contract  will  then  best  be  fulfilled  by  studies  of  such 
individuals  who  can  be  readily  identified. 

Proposed  Course: 

1.  To  concentrate  on  the  phenomenon  of  O^-methyl guanine  removal  from  the 

DNA  of  human  cells  in  order  to  learn  more  about  the  genetics  of  the  process. 
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2.  To  define  the  kinetics  of  methylguanine  removal. 

3.  To  find  lymphoblast  cultures  from  whole  families  which  will  show  segre- 
gation of  the  trait  in  a  way  which  will  make  the  genetics  clearer. 

4.  To  develop  an  assay  system  for  sister  chromatid  exchanges  in  order  to 
test  the  hypothesis  that  cells  deficient  in  their  ability  to  remove  06- 
methylguanine  will  be  more  sensitive  to  mutagenic  and  quasi-mutagenic 
reactions . 

Date  Contract  Initiated:  September  30,  1978 

Current  Annual  Level :  $131,139 


COLUMBIA  UNIVERSITY  (NOl -CP-95600)  formerly  (N01 -CP-23234) 
Title:  Development  of  Tissue  Culture  Transformation  System 
Contractor's  Project  Director:  Dr.  I.  Bernard  Weinstein 
Project  Officer  (NCI): 

Objectives:  To  develop  epithelial  cell  culture  systems  which  will  be  useful: 

1.  As  rapid  assay  systems  for  environmental  agents  that  may  cause  cancer. 

2.  For  studies  on  the  mechanism  of  action  of  chemical  carcinogens.  To  study 
the  nature  of  the  interaction  between  multiple  factors  (chemical  carcinogens, 
tumor  promoters  and  viruses)  in  the  transformation  of  cells  in  culture. 

Major  Findings:  Progress  has  been  made  in  four  major  areas: 

1.  The  mechanism  of  action  of  tumor  promoters. 

2.  The  development  of  rapid  in  vitro  assays  for  a  specific  class  of  tumor 
promoters. 

3.  The  interaction  between  initiating  carcinogens,  tumor  promoters  and 
viruses  in  the  transformation  of  mammalian  cell  cultures. 

4.  The  development  and  analysis  of  a  cell  culture  system  that  displays  mul- 
tistep  progression  from  normal  to  neoplastically  transformed  cells. 

Several  types  of  evidence  that  the  initial  site  of  action  of  the  potent  tumor 
promoter  12-0-tetradecanoyl-phorbol -13-acetate  (TPA)  is  the  cell  surface  mem- 
brane have  been  obtained.  First,  TPA  stimulates  2-deoxy-D-glucose  (DG)  uptake 
in  rodent  and  human  cultures.  When  a  series  of  macrocyclic  diterpenes  were 
assayed,  their  relative  potencies  in  stimulating  DG  uptake  in  3T3  cells  cor- 
related with  other  known  biologic  effects  of  these  compounds.  On  a  molar 
basis,  TPA  is  a  much  more  potent  stimulator  of  DG  transport  than  insulin  or 
epidermal  growth  factor.  The  TPA  stimulation  of  DG  uptake  is  due  to  enhanced 
transport  of  the  sugar  rather  than  to  effects  on  intracellular  metabolism. 
The  enhanced  transport  may  be  secondary  to  a  more  generalized  change  in 
membrane  structure. 
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Second,  evidence  for  membrane  effects  of  TPA  were  obtained  utilizing  the  tech- 
nique of  fluorescence  polarization  with  the  probe  1  ,6-diphenyl-l  ,3,5-hexatriene 
(DPH).  The  active  tumor  promoters  TPA,  PDD  (phorbol-12-13-didecanoate)  and  PDB 
(phorbol-12-13-dibenzoate)  were  found  to  decrease  fluorescence  polarization  of 
DPH  in  rat  embryo  cells,  whereas  the  inactive  tumor  promoting  compounds  phorbol 
and  4a-PDD  failed  to  induce  this  change.  These  results  suggest  that  the  tumor 
promoting  phorbol  esters  cause  a  rapid  and  rather  generalized  increase  in 
cellular  membrane  lipid  fluidity. 

In  an  examination  of  membrane  phospholipid  metabolism  it  was  found  that  the 
addition  of  TPA  caused  a  rapid  release  of  arachidonic  acid  and  prostaglandins 
E2  and  F2a  from  chick  embryo  fibroblasts.  This  effect  was  inhibited  by  cyclo- 
heximide  and  puromycin.  Indomethacin,  a  cyclooxygenase  inhibitor,  completely 
blocked  TPA-induced  prostaglandin  synthesis  and  slightly  enhanced  arachidonic 
acid  release.  The  effects  of  several  different  phorbol  compounds  and  retinoids 
on  arachidonic  acid  release  in  this  cell  culture  system  correlate  with  their 
known  effects  on  tumor  promotion  in  mouse  skin.  Deacylation  of  membrane  phos- 
pholipids may,  therefore,  be  an  important  concomitant  in  the  action  of  this 
class  of  tumor  promoters. 

Further  results  on  TPA  and  membrane  related  effects  were  obtained  in  studies 
on  platelet  aggregation.  TPA,  PDD  and  mezerein,  in  the  range  of  10"8  M, 
caused  aggregation  of  washed  rabbit  platelets.  The  lag  time  between  the 
addition  of  tumor  promoters  and  the  onset  of  aggregation  was  inversely  pro- 
portional to  the  concentration  of  the  compounds.  4a-PDD,  which  is  inactive 
as  a  tumor  promoter,  did  not  induce  platelet  aggregation,  and  4-0-methyl-12-0- 
tetradecanoyl phorbol -13-acetate,  which  is  a  weak  tumor  promoter,  had  low 
activity  in  this  assay.  TPA-induced  aggregation  was  accompanied  by  enhanced 
production  of  a  vasoactive  material  which  remains  to  be  identified.  These 
results  indicate  that  the  structural  requirements  of  diterpenes  for  tumor 
promotion  are  similar  to  those  for  platelet-aggregating  activity.  The  genera- 
tion of  prostaglandin  synthetase  (cyclooxygenase)  products  do  not  appear  to  be 
required  for  phorbol  ester-induced  aggregation. 

Another  effect  of  TPA  on  cell  surfaces  was  discovered  during  the  course  of 
studies  on  TPA  inhibition  of  erythroid  differentiation  of  murine  erythroleu- 
kemia  cells  (MELC).  TPA  caused  the  adhesion  of  suspension  cultures  of  the 
DS19  clone  of  MELC  in  tissue  culture  flasks.  Among  6  phorbol  esters  and  other 
plant  diterpenes  tested,  there  is  a  good  correlation  between  effectiveness 
in  inducing  MELC  adhesion  and  mouse  skin  tumor-promoting  activity.  TPA- 
induced  adhesion  is  not  seen  when  MELC  are  grown  in  bacterial  flasks,  yet 
differentiation  is  inhibited  under  these  conditions.  Thus  TPA-induced  ad- 
hesion is  not  a  prerequisite  for  TPA  inhibition  of  differentiation.  The 
changes  in  MELC  adhesion  induced  by  TPA  provide  a  rapid  in  vitro  assay  for 
this  class  of  tumor  promoters. 
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During  the  past  year  the  contractors  obtained  additional  evidence  for  the  role 
of  phorbol  ester  tumor  promoters  as  potent  modulators  of  cell  differentiation. 
Cells  of  the  C-^  clone  of  B-16  melanoma  synthesize  melanin  only  at  confluence 
after  which  they  senesce  and  can  no  longer  be  passaged.  Addition  to  the 
cultures  of  10-8-10"7  M  TPA  shortly  after  plating  delayed  by  about  2  days  the 
onset  of  melanogenesis .  TPA  did  not,  however,  affect  the  growth  of  the  cells 
or  the  time  at  which  they  reached  confluence.  The  ability  of  a  series  of 
phorbol  esters  to  delay  melanogenesis  correlated  with  their  tumor-promoting 
activity  on  mouse  skin.  The  optimum  time  for  addition  of  TPA  was  within  the 
first  24  hours  after  plating;  the  inhibitory  effect  decreased  when  TPA  was 
added  at  later  points,  a-melanocyte-stimulating  hormone  (BxIO'^'m)  added  to 
B-16  cultures  24  hours  after  plating  sloed  the  growth  of  the  cells  and  caused 
them  to  differentiate  when  still  subconfluent.  TPA  also  inhibited  a-melano- 
cyte-stimulating hormone-induced  melanogenesis. 

Since  carcinogenesis  often  involves  the  interaction  between  multiple  factors 
and  proceeds  through  several  discrete  steps,  a  cell  culture  system  employing 
adenovirus,  initiating  carcinogens  and  tumor  promoters  was  developed  to 
analyze  this  process.  TPA  increases  the  yield  of  transformed  foci  in  rat 
embryo  cultures  previously  infected  with  a  mutant  of  type  5  adenovirus. 
Prolonged  serial  passage  of  the  transformants  led  to  a  spontaneous  increase 
in  cloning  efficiency  in  agar.  No  consistent  difference  was  found  between 
the  phenotypes  of  transformants  obtained  from  cultures  treated  with  carcinogen 
plus  virus  or  those  of  transformants  obtained  with  virus  alone,  although  clones 
obtained  from  the  carcinogen-plus-virus  treatment  appeared  to  express  anchor- 
age independence  at  earlier  subpassages.  The  most  striking  finding  was  that 
TPA  caused  an  appreciable  enhancement  of  the  growth  in  agar  of  all  of  the 
transformants.  The  tumor  promoter  also  increased  the  saturation  densities  and 
enhanced  the  cloning  efficiencies  in  liquid  medium  of  most  of  the  transformants, 
These  effects  were  not  as  striking  with  normal  secondary  rat  embryo  cells. 
These  results  indicate  that  following  adenovirus  transformation  there  is  a 
spontaneous  progression  in  the  expression  of  markers  of  transformation  and 
that  the  phorbol  ester  tumor  promoters  can  accelerate  this  process. 

An  analysis  of  the  phenomenon  of  enhanced  transformation  utilizing  the  tech- 
niques of  nucleic  acid  hybridization,  nucleic  acid  gel  electrophoresis  and 
the  "Southern"  blotting  technique  revealed  that  although  TPA  enhances  the 
acquisition  of  anchorage-independent  growth  in  adenovirus-transformed  cells 
(and  not  in  normal  cells),  this  alteration  in  growth  properties  is  not  due 
to  a  change  in  the  integration  pattern  of  adenovirus  DNA  sequences  in  the 
genome  of  the  host  cell.  Presumably  this  effect  of  TPA  is  due  to  either  a 
change  in  expression  (i.e.  transcription)  of  the  integrated  adenovirus 
sequences  or  an  alteration  in  the  expression  of  host  cell  genes.  These  pos- 
sibilities remain  to  be  examined. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  majority  of  human  cancers  arise  from  epithelial  tissues.  Also,  it  is 
recognized  that  the  evolution  of  carcinomas  in  experimental  animals  and  in 
humans  is  a  multistep  process.  The  causation  of  these  cancers  may  require  the 
interaction  between  multiple  factors  including  initiating  chemical  carcino- 
gens, tumor  promoters,  various  cofactors,  and  in  certain  cases,  viral  agents. 
These  studies  should  enhance  our  understanding  of  the  multistep  nature  of  the 
carcinogenic  process.  The  studies  are  also  of  practical  significance  in 
terms  of: 

1.  The  development  of  simple,  short-term  tests  for  assaying  various  environ- 
mental factors  as  tumor  promoters. 

2.  Providing  insights  into  the  possible  role  of  endogenous  growth  factors 
in  the  carcinogenic  process. 

3.  The  development  of  agents  and  approaches  which  would  prevent  tumor  pro- 
motion, thus  leading  to  a  decrease  in  the  incidence  of  human  cancer. 

Proposed  Course:  This  contract  expired  on  November  30,  1979.  A  Research 
Grant  Application  to  continue  these  studies  was  submitted,  reviewed  favorably 
and  awarded  on  December  1,  1979. 

Date  Contract  Initiated:  March  1,  1979 

Current  Annual  Level :  -0- 

DOE/BROOKHAVEN  NATIONAL  LABORATORY  (YOl -CP-50202) 

Title:  Repair  Mechanisms  in  Carcinogenesis 

Contractor's  Project  Director:  Dr.  Richard  B.  Setlow 

Project  Officer  (NCI):  Dr.  David  G.  Longfellow 

Objectives:  To  obtain  quantitative  relations  between  damages  to  DNA  result- 
ing from  chemical  and  physical  agents  and  neoplastic  transformation. 

Major  Findings:  Previously,  the  development  of  exuberant  thyroid  growth 
in  the  fish  (Poecilia  formosa)  following  intraperitoneal  injection  of  UV 
or  gamma-irradiated  thyroid  cells  taken  from  isogenic  donor  fish  was  des- 
cribed. The  UV-irradiated  thyroid  cells,  when  injected  into  recipients, 
give  rise  to  exuberant  thyroid  growths  which  metastasize  into  the  kidney, 
swimbladder,  pseudobranch,  choroid  and  beneath  the  brain  of  some  of  the 
injected  animals.  Preliminary  analyses  indicate  that  irradiation  of  thy- 
roid cells  by  313  and  302  nm  light  (wavelengths  present  in  sunlight  at 
the  earth's  surface)  also  results  in  the  appearance  of  thyroid  tumors  in 
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the  recipient  animals.  Thyroid  tumors  were  observed  in  animals  injected 
with  cells  treated  with  DMBA-epoxide.  IP  injection  of  4-NQO,  DMBA,  benz- 
anthracene,  or  anthracene  gave  rise  to  thyroid  tumors.  Exposure  of  young 
animals  to  0.1  uM  aflatoxin  B]  for  24  hours  resulted  in  liver  lesions  in 
all  of  the  75%  surviving  animals. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  data  obtained  in  this  project  will  help  identify  the  type  and  numbers 
of  changes  in  cellular  DNA  that  result  in  a  tumorigenic  response. 

Proposed  Course:  This  contract  expired  on  February  28,  1980  and  was  not 
renewed. 

Date  Contract  Initiated:  June  1,  1975 

Current  Annual  Level :   -0- 


DOE/OAK  RIDGE  NATIONAL  LABORATORY  (YOl -CP-70222) 

Title:  Malignant  Cell  Transformation  and  Mutagenesis  Induced  by 
Carcinogenic  Chemicals 

Contractor's  Project  Director:  Dr.  Eliezer  Huberman 
Project  Officer  (MCI) :  Dr.  Paul  Okano 

Objectives:  To  improve  the  performance  of  the  lever  eel  1 -mediated  mutagenesis 
assay.  To  isolate  mutagen-resistant  cells  for  mutagenesis  and  DNA  repair 
studies.  To  study  the  induction  of  different  markers  of  differentiation  by 
tumor  promoters.  To  study  the  alteration  in  lipid  biosynthesis  in  differen- 
tiating human  tumor  cells. 

Major  Findings:  A  mutagenesis  assay  has  been  developed  in  which  mutable  V79 
cells  are  co-cultivated  with  intact  cells  capable  of  metabolizing  carcinogens 
into  their  reactive  mutagenic  species.  Previously,  the  assay  was  done  using 
primary  cultures  of  hepatocytes  obtained  by  a  perfusion  technique.  However, 
in  this  and  many  other  existing  mutagenesis  assays  currently  in  use,  the  doses 
necessary  to  produce  a  positive  mutagenic  response  by  potent  carcinogenic 
nitrosamines  relative  to  other  classes  of  chemical  carcinogens  are  usually  in 
gross  excess.  To  overcome  these  deficiencies,  the  sensitivity  of  the  hepato- 
cyte-mediated  mutagenesis  assay  has  been  enhanced  by  improving  cell  culture 
conditions  and  by  introducing,  for  nitrosamine  activation,  hepatocytes  iso- 
lated by  a  liver  slicing  method  instead  of  the  commonly  used  perfusion  tech- 
nique. In  this  improved  eel  1 -mediated  assay,  the  mutagenicity  of  nitrosamines 
can  be  detected  at  doses  2-3  orders  of  magnitude  lower  than  the  previously 
described  hepatocyte-mediated  assay,  and  3-4  orders  of  magnitude  lower  than 
those  used  in  the  Salmonella  typhimurium  S9  tests.  In  this  new  improved 
assay,  seven  liver  carcinogens  of  the  nine  tested  nitrosamines  exhibited  a 
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mutagenic  response.  Moreover,  the  contractors  could  establish  a  relation- 
ship between  the  degree  of  carcinogenicity  and  the  degree  of  mutagenicity  of 
these  nitrosamines. 

Studies  on  the  relationship  between  carcinogenesis  and  mutagenesis  and  the 
alterations  in  DNA  repair  processes  in  some  cancer  prone  patients  support  the 
concept  that  carcinogenesis  may  be  initiated  from  somatic  mutation  in  genes 
which  control  malignancy.  In  order  to  link  specific  DNA  repair  processes  with 
mutagenesis  and  cell  recovery  in  mammalian  cells,  which  exhibit  an  enhanced 
repair  after  carcinogen/mutagen  insult  are  being  isolated.  One  such  cell 
variant  which  was  isolated  from  the  mutable  Chinese  hamster  V79  cells  is  desig- 
nated VR-43.  These  cells  exhibit,  after  treatment  with  nitrosoguanidine  (MNNG) 
or  nitrosomethylurea  (MNU),  an  increased  cell  survival  without  reducing  the 
mutation  frequencies  for  two  independent  genetic  markers  such  as  ouabain  and 
6-thioguanine  resistance.  No  difference  in  cell  susceptibility  to  cytotoxic 
or  mutagenic  effects  was  observed  after  treatment  with  other  mutagens/carcino- 
gens  such  as  ethyl nitrosoguanidine  (ENNG),  ethylmethane-sulfonate  (EMS),  or 
X-rays.  The  VR-43  cells  also  exhibited,  after  treatment  with  MNNG  but  not  with 
ENNG  or  EMS,  an  enhanced  post  replication  repair.  A  better  understanding  of 
the  mechanism  whereby  enhanced  post  replication  repair  is  linked  with  the 
enhanced  cell  survival  without  affecting  mutagenesis  in  our  cell  system  may 
help  to  answer  basic  questions  regarding  DNA  repair  and  mutagenesis. 

TPA  and  other  related  phorbol  di esters  can  inhibit  spontaneous  or  induced 
terminal  cell  differentiation  in  cultured  avian  myeloblasts,  Friend  murine 
erythroleukemia  cells,  murine  neuroblastoma  and  3T3  fibroblasts.  Studies 
with  other  cell  types  including  the  HL-60  human  myeloid  leukemia  and  human 
HO  melanoma  cells,  revealed  that  phorbol  esters  can  also  induce  cell  differen- 
tiation. In  addition,  tumor  promoting  phorbol  diesters  have  been  shown  to 
affect  cellular  lipid  metabolism. 

A  series  of  experiments  were  initiated  to  analyze  lipid  metabolism  in  control 
and  TPA  treated  HL-60  cells.  The  contractor's  preliminary  results  indicate 
that  TPA  causes  changes  in  the  metabolism  of  cellular  phospholipids  and  neutral 
glycerolipids.  Furthermore,  the  changes  in  phospholipid  metabolism  could  be 
detected  prior  to  the  expression  of  the  different  differentiation  markers 
which  include  changes  in  cell  morphology,  increased  phagocytosis,  and 
stimulation  of  lysozyme  and  acid  phosphatase  activity. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
It  is  now  well  recogniqed  that  our  environment  is  contaminated  with  many  un- 
known hazardous  chemicals,  some  which  may  be  responsible  for  a  significant 
portion  of  human  cancers.  These  carcinogenic  chemicals  represent  a  fraction 
of  the  man-made  chemicals  which  are  present  in  the  environment.  It  is  there- 
fore important  to  develop  fast  and  accurate  prescreening  methods  which  are 
inexpensive  relative  to  the  current  in  vivo  test  systems.  In  this  project 
mammalian  and  human  cell  culture  systems  are  being  developed  which  may  be 
useful  for  the  screening  of  chemicals  that  initiate  of  or  promote  tumor  for- 
mation. These  systems  may  also  be  helpful  in  the  elucidation  of  the  mode  of 
action  of  such  potentially  hazardous  chemicals. 
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Proposed  Course:  To  further  verify  an  association  between  degree  of  carcino- 
genicity and  degree  of  mutagenicity  using  aflatoxins  and  additional  nitro- 
samines  with  known  carcinogenic  potencies.  To  investigate  the  possibility 
of  the  further  enhancement  of  the  activity  of  the  liver  cell -mediated  assay 
by  the  use  of  inducers  of  mixed  function  oxidase  to  pretreat  animals  or 
isolated  liver  cells  directly.  To  further  examine  the  relationship  between 
mutagenesis,  cell  survival  and  DNA  repair  processes.  To  extend  studies  on  the 
induction  of  cell  differentiation  by  phorbol  ester  tumor  promoters. 

Date  Contract  Initiated:  May  9,  1977 

Current  Annual  Level :  $285,000 

DOE/OAK  RIDGE  NATIONAL  LABORATORY  ( YOl -CP-70227) 

Title:   In  Vitro  Transformation  of  Tumor  Sensitive  Epidermal  Cells:  A 
Bioassay  and  a  Model  for  the  Study  of  the  Mechanism  of  Action 
of  Tumor  Initiators  and  Promoters 

Contractor's  Project  Director:  Dr.  Thomas  J.  Slaga 

Project  Officer  (NCI):  Dr.  Paul  Okano 

Objectives:  To  develop  a  reliable  and  quantitative  in  vitro  transformation 
system  using  epidermal  cells  from  tumor-sensitive  mice  and  to  compare  car- 
cinogen-induced changes  in  these  epidermal  cells  with  those  in  epidermal  cells 
from  tumor-resistant  mice.  To  study  the  role  of  polyamines  in  tumor  produc- 
tion and  the  binding  of  the  tumor  promoter,  12-0-tetradecanoylphorbol-13- 
acetate  (TPA)  to  specific,  high  affinity  receptors. 

Major  Findings:  The  contractors  have  primarily  concentrated  their  efforts  on 
obtaining  a  reliable  and  quantitative  transformation  system  using  newborn  epi- 
dermal cells.  Investigations  during  the  past  year  have  emphasized  improving 
culture  conditions  in  an  effort  to  obtain  subcul turable  epidermal  cells  that 
retained  their  growth  and  differentiation  characteristics,  similar  to  those 
found  in  vivo.  The  effects  of  various  concentrations  of  insulin,  hydrocorti- 
sone, epidermal  growth  factor,  vitamin  A,  and  prostaglandins  were  determined 
on  epidermal  growth  and  differentiation.  In  addition,  various  media,  tempera- 
tures and  feeder  layers  were  studied  for  their  effects  on  epidermal  cell  growth 
and  differentiation.  In  summary,  these  studies  recealed  that  the  epidermal 
cells  have  to  be  cultured  on  a  3T3  feeder  layer  at  31°  C  using  Waymouth's 
752/1  medium  supplemented  with  10%  PCS  with  the  addition  of  insulin  (10  ng/ml ) . 
Preliminary  results  have  shown  that  epidermal  cells  can  be  transformed  to  cell 
lines  that  give  rise  to  keratinizing  squamous  cell  carcinomas.  In  addition, 
several  permanent  epidermal  cell  lines  were  isolated  that  divide  and  differen- 
tiate yery   much  like  the  primary  cultures.  These  lines  were  neither  treated 
with  a  carcinogen  nor  did  they  give  rise  to  tumors  when  injected  into  nude 
mice  even  after  the  30th  passage.  When  one  of  these  lines  was  exposed  at  the 
tenth  passage  to  benzo(a)pyrene  and  then  subcul tured  for  ten  more  passages, 
these  cells  give  rise  iio  a  keratinizing  squamous  cell  carcinoma  when  injected 
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into  a  nude  mouse.  Several  other  carcinogen-treated  cell  lines  have  been 
injected  into  nude  mice.  However,  another  month  or  two  is  needed  before  it 
can  be  determined  if  these  also  give  rise  to  keratinizing  squamous  cell 
carcinomas. 

Studies  to  determine  the  nature  of  the  3T3  feeder  layer  effect  on  epidermal 
cells  in  culture  were  also  performed.  Ten  different  feeder  layers  have  been 
examined  but  the  Balb/c  A31  and  SIMR  3T3  were  found  to  be  the  only  two  feeder 
layers  that  allowed  the  epidermal  cells  to  divide  and  differentiate  as  in  vivo. 
In  addition,  the  feeder  layer  effect  was  found  to  not  be  transmitted  through 
the  medium  nor  by  the  culture  surface  but  rather,  it  appears  to  be  transmitted 
by  epidermal  contact  with  living  A31  cells. 

The  newborn  epidermal  cells  in  culture  were  found  to  metabolize  benzo(a)pyrene 
in  a  manner  similar  to  that  found  in  vivo.  The  major  dihydrodiol  formed  was 
the  7,8-dihydrodiol  which  suggests  that  these  cells  are  probably  capable  of 
producing  the  diol -epoxide  of  benzo(a)pyrene  which  has  been  shown  to  be  a 
potent  ultimate  carcinogen.  In  addition,  the  newborn  epidermal  cells  in  cul- 
ture were  fou^nd  to  metabolize  7,12-dimethylbenzo(a)anthracene  (DMBA)  in  a 
similar  manner  to  that  found  in  vivo.  The  formation  of  intracellular  and 
extracellular  metabolites  of  [^^CjDMBA  by  primary  mouse  epidermal  cells  was 
examined  using  high-pressure  liquid  chromatography.  Ethyl/acetate/acetone  (2:1) 
extractable  metabolites  formed  intracellularly  cochromatographed  with  7-hydroxy- 
methyl-12-methylbenz[a]anthracene  (7-0HM-120MBA) ,  12-hydroxymethyl-7-  methyl  BA 
(12-0HM-7-MBA),  (+)-trans-3,4-dihydro-3 ,4-dihydroxy-7,l 2-dimethyl  BA  (+)-trans- 
DMBA-3,4-diol )  and  phenols.  The  major  intracellular  metabolite(s)  formed  co- 
chromatographed with  DMBA-phenol (s) .  Ethyl/acetate/acetone  extractable  meta- 
bolites found  extracellularly  cochromatographed  with  7-0HM-12-MBA,  12-0HM-7-MBA, 
(+)-trans-DMBA-3,4-diol,  (+)-trans-8,9-dihydro-8,9-dihydroxy-7,l 2-dimethyl benz 
[a]anthracene  (+)-trans-DMBA-8,9-diol )  and  phenols.  The  major  ethyl  acetate/ 
acetone  soluble  metabolite  found  extracellularly  cochromatographed  with  (+)- 
trans-DMBA-8,9-diol .  This  metabolite  is  rapidly  excreted  unchanged  from  the 
cells  into  the  medium.  In  addition,  primary  epidermal  cells  rapidly  converted 
[14c]DMBA  to  water  soluble  metabolites  that  could  not  be  extracted  from  the 
medium  with  ethyl  acetate/acetone.  Approximately  50%  of  these  water  soluble 
metabolites  were  extractable  with  organic  solvent  upon  treatment  of  the  medium 
with  e-glucuronidase.  Phenolic  metabolite(s)  represented  75-85%  of  the  total 
e-glucuronidase  releasable  material.  The  results  indicate  that  primary  mouse 
epidermal  cells  in  culture  rapidly  convert  DMBA  to  a  variety  of  hydroxylated 
products  some  of  which  are  conjugated  with  glucuronic  acid.  In  addition,  the 
formation  of  (j^)-trans-DMBA-3,4-diol  and  its  retention  within  the  cells  provides 
additional  support  for  an  important  role  for  this  metabolite  in  carcinogenesis 
by  DMBA. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Since  the  majority  (>85%)  of  human  cancers  arise  from  epithelial  tissue,  it  is 
important  to  have  a  quantitative  in  vitro  transformation  system  using  epithe- 
lial cells.  The  question  must  be  asked  whether  the  results  obtained  from  the 
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in  vitro  transformation  of  fibroblasts  are  significant  in  terms  of  all  forms 
of  cancer  and  if  the  results  can  be  extended  to  transformation  studies  using 
epithelial  cells.  The  contractor's  studies  on  the  development  of  a  reliable 
and  quantitative  in  vitro  transformation  system  using  mouse  epidermal  cells 
from  tumor  sensitive  mice  are  devoted  to  this  purpose. 

Proposed  Course:  To  establish  an  initiation-promotion,  two-stage  system  of  in 
vitro  transformation  using  primary  and  secondary  cultures  of  epidermal  cells 
from  newborn  and  adult  mice  and  cultures  of  nontumorigenic  epidermal  cell  lines 
isolated  previously.  To  determine  the  effects  of  inhibitors  of  tumor  initia- 
tion and  promotion  in  the  cell  culture  systems. 

Date  Contract  Initiated:  September  30,  1977 

Current  Annual  Level :  $138,000 

DOE/OAK  RIDGE  NATIONAL  LABORATORY  (YOl -CP-90201 ) 
Title:  Ultraviolet  Radiation  Carcinogenesis 
Contractor's  Project  Director:  Dr.  R.J.  Michael  Fry 
Project  Officer  (NCI):  Dr.  David  G.  Longfellow 

Objectives: 

1.  To  develop  mouse  model  systems  for  the  study  of  ultraviolet  radiation 
(UVR)  carcinogenesis  and  some  of  the  factors  that  influence  carcinogenesis 
of  the  skin  in  particular,  and  carcinogenesis  in  general. 

2.  To  investigate  the  differences  in  susceptibility  for  UVR  carcinogenesis 
that  are  dependent  on  genotype.  These  latter  studies  are   designed  to 
capitalize  on  the  differences  between, and  the  similarities  in,  two  stocks 
of  hairless  mice,  namely  SKH:hairless-l  and  HRS/J/Anl . 

Major  Findings:  Mutant  mouse  stocks  have  been  selected  containing  four 
autosomal  mutations,  all  of  which  result  in  a  hairless  phenotype  but  exhibit 
differences  in  the  presence  of  sebaceous  glands,  the  thickness  of  the  skin 
and  amount  of  residual  follicular  tissue.  These  mutations  have  been  given 
the  following  provisional  names:  poor  fur,  fur  loss,  near  naked  and  bald. 
There  has  been  good  progress  in  backcrossing  the  selected  mutants  to  the  two 
inbred  strains  -  BALB/c  and  C57BL/6.   In  the  case  of  BALB/c  all  four  mutants 
are  in  the  second  backcross  generation  and  in  the  third  backcross  generation 
with  the  C57BL/6,  except  for  the  near  naked  which  is  in  the  fourth  backcross 
generation.  The  fertility  in  all  backcrosses  has  been  quite  satisfactory 
with  an  average  litter  size  of  more  than  six  and  with  a  satisfactory  number 
of  mutant  mice  weaned. 


1534 


Previously  it  was  found  that  SKH:hairless-l  and  HRS/J/Anl  mice  differ  in 
their  susceptibility  for  skin  carcinogenesis.  Their  immune  competence  has 
now  been  examined  by  using  the  following  assays: 

1.  The  proliferation  of  spleen  T  cells  stimulated  with  PHA  and  Con  A  and 
LPS  as  assayed  by  -^H-thymidine  incorporation  showed  only  subtle  differences 
between  strains  and  age  groups.  There  was  no  indication  of  immunological 
deficiency  based  purely  on  this  assay. 

2.  Delayed  hypersensitivity,  as  measured  by  the  footpad  swelling  technique, 
was  found  to  be  less  in  SKH:hairless-l  and  haired  HRS/J/Anl  mice  than  in 
hairless  HRS/J/Anl. 

3.  In  vitro  antibody  synthesis  was  found  to  be  lower  in  HRS/J/Anl  than  in 
SKH:hairless-l  mice. 

4.  The  lymphoproliferative  response  was  significantly  less  in  SKH:hairless-l 
mice  than  HRS/J/Anl  mice. 

These  results,  while  demonstrating  differences  between  the  stocks  of  mice, 
do  not  provide  an  immunological  explanation  for  the  difference  in  suscepti- 
bility for  cancer  induction  in  the  two  hairless  stocks. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Cancer  of  the  skin  is  by  far  the  most  common  neoplasia  in  the  U.S.  white 
population  and  melanoma  is  one  of  the  few  tumors  for  which  the  incidence 
is  increasing.  It  is  clear  that  UVR  is  a  major  etiological  factor  and 
that  UVR-induced  lesions  in  DNA  and  their  repair  are  becoming  increasingly 
understood.  Thus,  UVR-induced  skin  cancer  in  mice  is  an  appropriate  model 
for  investigating  the  role  of  specific  DNA  lesions  and  their  repair  in 
carcinogenesis.  As  most  of  the  events  following  exposures  to  UVR  that 
result  in  cancer  are  similar  in  man  and  mouse,  with  the  exception  of 
excision  repair  of  pyrimidine  dimers,  these  studies  will  provide  data  that 
will  help  to  elucidate  the  factors  that  determine  species-dependent  differ- 
ences and  possibly  suggest  methods  of  extrapolation. 

Proposed  Course:  To  study  UVR-induced  damage  and  its  repair,  the  cell  kine- 
tics of  the  epidermis,  and  the  immune  competence  of  the  various  mutant 
stocks  in  the  fifth  backcross  generation.  These  assays  will  also  be  carried 
out  in  the  C57BL/6  and  BALB/c  strains  which  will  allow  the  establishment  of 
any  of  the  characteristics  under  study,  for  example,  immune  incompetence, 
are  linked  with  the  mutation  associated  with  the  hairless  phenotype.  To 
continue  experiments  comparing  UVR  carcinogenesis  in  SKH:hairless-l  and 
HRS/J/Anl  mice.  The  UVR  carcinogenesis  experiment  is  designed  to  determine 
whether  strain-  and  age-dependent  differences  in  susceptibility  to  UVR- 
induced  skin  cancer  are  due  to  differences  in  the  initial  events  or  in 
their  expression,  which  is  a  question  of  general  interest  in  carcinogenesis. 

Date  Contract  Initiated:  September  30,  1979 

Current  Annual  Level:  $199,600 
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DOE/OAK  RIDGE  NATIONAL  LABORATORY  (Y01 -CP-90203)  (Formerly  Y01 -CP-50200) 

Title:  DNA  Repair  Mechanisms  in  Carcinogenesis 

Contractor's  Project  Director:  Dr.  James  D.  Regan 

Project  Officer  (NCI):  Dr.  David  G.  Longfellow 

Objectives:  To  elucidate  the  molecular  events  in  human  cells  when  cellular 
macromolecules  such  as  DNA  are  damaged  by  radiation  or  chemical  agents  by 
studying  and  characterizing  the  sequence  of  DNA  repair  events,  the  various 
modalities  of  repair,  the  genetic  inhibition  of  repair  due  to  mutation,  and 
the  physiological  inhibition  of  repair  due  to  biochemical  inhibitors. 

Major  Findings:  Normal  human  cells  are  able  to  repair  ultraviolet  (UV)  light 
induced  pyrimidine  dimers  in  their  DNA  while  cells  derived  from  patients 
with  the  genetic  disease  Xeroderma  pigmentosum  (XP)  show  defective  or  reduced 
repair,  the  number  and  kinds  of  pyrimidine  dimers  formed  in  DNA  by  ultra- 
violet light  is  related  to  the  DNA  base  ratio,  the  wavelength  and  the  total 
exposure  to  UV.  After  50  J/m2  at  254  nm  the  ratio  of  dimers  (C<>C,  C<>T, 
ToT)  in  human  cellular  DNA  was  14:20:66  (24:38:38  in  E.   col  i ) .  A  low  dose 
of  an  FS40  sunlamp  resulted  in  a  ratio  of  20:40:40.  Normal  human  cells  '^-10° 
dimers  within  a  24  hour  period  after  254  nm  or  FS40  irradiation.  About  one 
million  dimers  were  formed  in  cells  by  10  J/m^  of  254  nm  or  10-^  J/m^  of 
filtered  sunlamp.  At  low  doses  nearly  all  of  the  dimers  were  excised.  At 
higher  doses  dimer  excision  was  inhibited. 

Arabinofuranosyl  cytosine  (ara-C)  at  20  pm  concentration  in  the  presence  of 
2  mM  hydroxyurea  has  been  found  to  inhibit  steps  in  DNA  excision  repair 
following  UV  irradiation  and  chemical  insult.  It  causes  gaps  to  accumulate 
in  incised  regions  which  can  be  observed  on  alkaline  sucrose  gradients. 
Whereas  cells  from  XP  patients  show  a  decrease  in  strand  interruptions  follow- 
ing UV  irradiation  in  the  presence  of  ara-C  (reflecting  their  lower 
excision  repair  capacity),  cells  from  variant  lines  of  XP  show  an  increase 
in  strand  interruptions  relative  to  normal  human  cells.  In  studies  to  eluci- 
date the  mechanism  by  which  ara-C  inhibits  repair,  it  appears  that  ara-C  is 
capable  of  at  least  a  two-step  inactivation  process  whereby  an  initial  inter- 
action with  the  DNA  polymerase  and/or  exonuclease  inhibits  closure  of  repair 
gaps.  This  is  followed  by  an  apparent  ara-C  dose-dependent  inhibition  of  the 
incision  step.  Currently,  the  possibility  that  the  dose-dependent  nature  of 
ara-C  inhibition  may  be  useful  in  quantitating  numbers  of  repair  complexes  or 
repair  enzymes  active  in  a  cell  at  a  given  time  is  being  evaluated.  Protocols 
in  which  ara-C  is  added  to  human  cells  at  various  times  pre-  and  post-insult 
are  yielding  information  concerning  the  kinetics  of  repair.  In  the  first  four 
hours  following  UV  irradiation  there  is  a  burst  of  repair  synthesis  which 
presumably  reflects  repair  of  both  dimer  and  non-dimer  photoproducts .  For 
any  three  hour  period  up  to  about  18  hours,  normal  human  cells  show  a  constant 
rate  of  repair.  After  that  time,  repair  drops  off.  With  a  more  complete 
understanding  of  the  nature  of  the  ara-C  effect,  we  can  better  understand 
the  apparent  alteration  seen  in  the  XP  variant  cells. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  significance  of  these  studies  lies  in  the  ubiquitousness  of  repair 
(most  organisms,  including  man  have  several  complex  DNA  repair  systems); 
the  belief  that  mutagenic  and  carcinogenic  events  may  arise  only  from 
residual  (nonrepaired)  lesions  or  that  error-prone  repair  systems  may  be 
the  major  induction  mechanisms  of  the  mutagenic  or  carcinogenic  event;  and 
the  clear  association  of  repair  defects  and  highly  carcinogenic  disease 
states  in  man  (Xeroderma  pigmentosum). 

Proposed  Course:  Through  the  use  of  wery   sensitive  techniques  developed  in 
this  laboratory  the  goals  will  be  to  isolate  and  analyze  the  repair  comp- 
ponent  of  the  mutagenic  and/or  carcinogenic  event  in  human  cells,  and  to 
elucidate  the  magnitude  and  significance  of  this  repair  component  as  it 
impinges  on  the  practical  problems  of  human  radiation  or  exposure  to  actual 
or  potential  chemical  mutagens  and  carcinogens. 

Date  Contract  Initiated:  October  1,  1974 

Current  Annual  Level :  $143,643 

DOE/OAK  RIDGE  NATIONAL  LABORATORY  (YOl -CP-90204)  (Formerly  Y01-CP-5O2C0) 

Title:  Mechanisms  of  Action  of  Chemical  Carcinogens 

Contractor's  Project  Director:  Dr.  James  Selkirk 

Project  Officer  (NCI):  Dr.  Paul  Okano 

Objectives:  To  study  the  comparative  tissue  and  cell  activation/detoxication 
of  polycyclic  aromatic  hydrocarbons  in  potential  target  tissues  of  rodent 
model  systems,  with  particular  emphasis  on  benzo(a)pyrene  and  its  metabolites 
and  analogs. 

Major  Findings:  The  contractor  has  conducted  studies  on  the  metabolism  and 
macromolecular  binding  of  benzo(a)pyrene  (BaP)  metabolites  derivatives  and  a 
relatively  noncarcinogenic  analog,  benzo(e)pyrene  (BeP).  Previously,  it  had 
been  shown  that  the  major  primary  metabolites  of  BeP  were  the  4,5-dihydrodiol 
and  an  unidentified  phenolic  metabolite.  The  suspected  proximate  "bay  region" 
carcinogen,  BeP-9,10-dihydrodiol  accounted  for  less  than  1%  of  the  total  meta- 
bolites formed  by  3-methylcholanthrene-induced  liver  microsomes  and  could  not 
be  detected  when  hamster  embryo  cells  were  used.  Based  on  its  chromatographic 
and  fluorescence  spectral  properties,  the  phenolic  metabolite  is  not  the  4- 
hydroxy-,  9-hydroxy-,  or  lO-hydroxy-BeP.  Other  possibilities  are  the  1-,  2-, 
or  3-hydroxy-BeP. 

An  interspecies  variation  in  BaP-7,8-dihydrodiol  detoxification  has  been  iden- 
tified as  well  as  a  time  dependency  of  alternate  pathways  of  detoxification. 
Hamster  embryo  cells  do  not  conjugate  BaP-7,8-dihydrodiol  to  glucuronic  acid 
but  excrete  the  free  dihydrodiol.  Rat  tracheal  cells,  on  the  other  hand, 
excrete  the  glucuronide  conjugate  but  no  free  BaP-7,8-dihydrodiol .  Mouse 
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embryo  cells  excrete  BaP-7,8-dihydrodiol  directly  for  the  first  24  hours  but 
glucuronidation  increases  to  become  the  major  pathway  by  48  hours.  This  data 
emphasizes  the  need  to  study  carcinogen  metabolism  in  a  variety  of  cell  systems 
in  order  to  understand  the  range  of  options  available  for  detoxification. 

Studies  were  completed  on  the  further  metabolism  and  macromolecular  binding 
of  2-hydroxy-,  3-hydroxy-,  9-hydroxy-BaP  and  BaP-7,8-dihydrodiol  by  hamster 
embryo  cells.  The  major  identifiable  metabolite  was  the  corresponding  glu- 
curonide  conjugate.  The  macromolecular  binding  of  the  derivatives  showed  a 
generally  good  correlation  with  their  known  biological  activities  with  the 
exception  of  2-hydroxy-BaP.  This  derivative,  which  is  known  to  be  equal  to 
BaP  in  carcinogenic  potency  on  mouse  skin,  binds  to  nuclear  macromolecules  in 
the  same  low  range  as  the  noncarcinogenic  BaP  phenols. 

Methods  have  been  developed  for  the  liquid  chromatographic  separation  and 
analysis  of  non-glucuronide,  water-soluble  metabolites  polycyclic  aromatic 
hydrocarbons  (PAHs).  A  major  non-glucuronide,  water-soluble  metabolite  of 
BaP  formed  by  hamster  embryo  cells  has  been  identified  as  a  derivative  of 
glutathione  conjugation. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  major  aim  of  this  research  is  to  understand  the  mechanism  of  action  of  the 
PAH  class  of  carcinogens.  To  this  end  the  entire  profile  of  activated  and 
detoxified  products  is  being  examined  in  cells  and  tissues  which  are  sus- 
ceptible or  resistant  to  malignant  transformation.  A  large  body  of  published 
research  shows  that  all  eukaryotic  cells  containing  the  monooxygenase  enzyme 
complex  are  capable  of  producing  the  reactive  species  of  these  chemical  car- 
cinogens. Thus,  additional  regulatory  components  probably  dictate  the  suscep- 
tibility of  a  given  species.  An  analysis  of  the  reaction  kinetics  and  chro- 
nology of  appearance  and  disappearance  of  various  metabolites  may  aid  in 
determining  the  differences  between  carcinogen  susceptible  and  resistant  cells. 

Proposed  Course:  To  continue  studies  on  the  activation  and  detoxification  of 
PAHs  using  various  epithelial  and  other  cells,  cell  homogenates  and  subcellular 
fractions.  To  examine  the  appearance  and  disappearance  of  PAH  metabolites.  To 
compare  the  metabolism  of  carcinogenic  and  noncarcinogenic  PAHs. 

Date  Contract  Initiated:  April  1,  1979 

Current  Annual  Level :  $240,069 

DOE/OAK  RIDGE  NATIONAL  LABORATORY  (Y01 -CP-90205)  (Formerly  Y01-CP-50200) 

Title:  Regulation  of  Membrane  Transport  Systems  and  Membrane  Turnover 
in  Carcinogenesis 

Contractor's  Project  Director:  Dr.  John  S.  Cook 

Project  Officer  (NCI):  Dr.  David  G.  Longfellow 
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Objectives: 

1.  To  explore  the  physiological  mechanisms  by  which  cells  regulate  the 
major  driving  forces  to  which  growth  associated  transport  activities  are 
linked. 

2.  To  further  our  understanding  of  the  means  by  which  the  activities  of 
transport  systems  are  enhanced  upon  transformation. 

Major  Findings:  The  contractor's  operating  hypothesis  is  that  one  of  the 
early  effects  of  the  tumor  promoter,  TPA  (tetradecanoyl  phorbol  acetate), 
on  sensitive  cells  is  an  enhancement  of  membrane  potential.  A  consequence 
of  this  change  is  an  enhanced  driving  force  on  potential -coupled  amino  acid 
uptake  and  the  increased  availability  of  these  protein  precursors  required 
for  cell  growth.  Using  the  amino  acid  analog  AIB  (amino  isobutyric  acid)  and 
Friend  erythroleukemic  cells,  it  was  shown  that  the  expected  potential  change 
is  detectable  30  minutes  after  treatment  of  the  cells  with  TPA  and  is  com- 
plete within  2  hours;  the  change  does  not  occur  in  cycloheximide  treated 
cells  and  thus  is  dependent  on  the  synthesis  of  new  protein.  All  of  the 
enhancement  may  be  abolished  by  treatment  of  the  cells  with  cardiac  gly- 
cosides that  block  alkali  cation  transport,  suggesting  that  the  increased 
potential  is  due  to  an  uncoupling  of  the  Na"'"-K"'"  transporter  and  the  develop- 
ment of  electrogenicity  by  this  electrolyte  transport  system. 

The  effects  of  TPA  appear  to  be  associated  with  an  obligatory  minimum  level 
of  free  cytosolic  Ca"'"''".  TPA  is  known  to  stimulate  the  induction  of  orni- 
thine decarboxylase  in  quiescent  mouse  3T3  cells,  a  specific  response  that 
was  shown  to  be  abolished  if  the  cellular  Ca"*"^  is  depleted  with  the  use  of 
the  Ca"*"^  ionophore  A23187.  The  levels  of  cell  Ca"'""''  are  now  being  back- 
titrated  to  determine  the  minimum  levels  required  for  the  induction  to  occur. 

A  new  model  system  is  being  developed  to  study  the  effects  of  TPA  and  other 
promoters  and/or  carcinogens  on  differentiating  epithelial  tissues  in  vitro 
with  special  emphasis  on  their  transport  properties.  The  cells  being  used 
are  a  pig  kidney  line,  LLC-PK] ,  which  have  a  fibroblast-like  morphology 
during  log  growth  but  which,  on  confluence,  take  on  classical  epithelial 
NaCl -transport  functions.  These  cells  also  develop  Na''"-dependent  hexose 
transport  characteristic  of  differentiated  kidney  proximal  tubule  epithelia. 
The  transport  changes  are  now  well  characterized.  These  differentiating 
properties  can  be  blocked  with  TPA,  an  effect  that  is  being  explored  in 
detail . 

In  view  of  the  apparent  relationship  between  tumor  promotion  and  electrolyte 
transport  systems,  the  study  of  the  regulation  of  turnover  of  the  alkali 
cation  transporter  identified  as  membrane  Na'''-K''"  ATPase  is  being  continued. 
In  HeLa  cells  this  enzyme  turns  over  3  times  per  generation.  The  enzyme 
is  also  inducible  in  this  system  by  low-K"*"  stress.  Induction  appears  to 
be  the  consequence  of  reduced  degradation  of  the  enzyme  without  change  in 
its  synthesis  rate. 

In  a  study  of  hexose-transport  regulation  in  hamster  (BHK)  cells,  a  trans- 
port-deficient variant  strain  was  isolated.  The  deficiency  is  due  to  an 
increased  K^  of  the  transport  system  with  no  change  in  Vmax-  ^i^  parallel 
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with  these  (reversible)  transport  changes,  changes  were  found  in  glucosamine- 
(but  not  fucose-)  labeled  glycopeptides  .  The  altered  label  appears  in  the 
terminal  sialic  acids  of  surface  glycoproteins. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  plasticity  of  transport  systems  carrying  essential  metabolites  into 
mammalian  cells  has  been  recognized  for  a  number  of  years.  Also,  the 
increase  in  activity  of  these  systems  with  malignant  transformation,  or  more 
generally,  with  many  stimuli  to  cell  growth,  has  been  phenomenological ly 
documented  in  a  very   large  number  of  cases.  Despite  this  extensive  litera- 
ture, almost  nothing  is  known  with  respect  to  mechanisms.  The  work  described 
here  has  as  its  goal  the  stepwise  dissection  of  mechanisms  of  transport 
regulation  and,  in  parallel,  a  quantitative  assessment  of  the  physiological 
significance  of  the  transport  abilities  of  normal  and  transformed  cells. 

Proposed  Course:  Current  knowledge  of  model  systems  for  growth  stimulation 
and  tumor  promotion,  together  with  the  associated  enhanced  capacities  for 
the  uptake  of  essential  metabolites,  will  be  used  to  look  for  regulatory 
mechanisms.  Specifically,  these  include: 

1.  The  molecular  basis  for  the  increase  in  membrane  potential  in  growth- 
stimulated  cells,  which  may  be  due  to  greater  activity  of  the  alkali  cation 
transporter  (induction),  or  to  an  uncoupling  of  Na"*"  and  K'^  movement  over 
the  transporter  (electrogenicity) .  The  possibility  that  phosphorylation 

of  the  transporter  by  protein  kinases  may  be  an  uncoupling  event  will  be 
examined. 

2.  The  use  of  LLC-PKi  cells  as  an  epithelial  model  sensistive  to  tumor 
promoters  will  be  developed  further. 

3.  The  role  of  Ca"*""*"  in  the  cellular  response  to  TPA  will  be  quantitated. 

4.  The  role  of  oligosaccharides  on  surface  glycoproteins  as  affecting 
hexose  transport  capacity  will  be  investigated  further. 

Date  Contract  Initiated:  March  1  ,  1976 

Current  Annual  Level:  $155,800 

DOE/OAK  RIDGE  NATIONAL  LABORATORY  (YOl -CP-90208) 

Title:  Genetic  Analysis  of  DNA  Repair  in  Man  with  Cell  Hybrids 

Contractor's  Project  Directors:  Dr.  Peter  A.  Lai  ley 

Dr.  James  D.  Regan 

Project  Officer  (NCI):  Dr.  David  G.  Longfellow 

Objectives:  The  long  range  goal  of  this  project  is  to  investigate  the 
expression  and  individual  genetic  components  involved  in  DNA  repair  in  man. 
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The  primary  objectives  of  this  project  are: 

1.  To  genetically  dissect  the  DNA  repair  systems  in  man. 

2.  To  identify  the  number  and  kinds  of  genes  required  for  DNA  repair. 

3.  To  assign  these  genes  to  specific  human  chromosomes. 

4.  To  identify  and  determine  the  chromosomal  assignments(s)  of  the  genetic 
defect  in  xeroderma  pigmentosum  (XP). 

Major  Findings:  Tlan  x  mouse  somatic  cell  hybrid  lines  were  generated  between 
human  cells  derived  from  different  individuals  with  normal  DNA  repair  capacity 
and  established  mouse  cell  lines.  Primary  hybrid  clones  isolated  under  the 
conditions  employed  preferentially  segregated  human  chromosomes  and  retained 
the  full  complement  of  mouse  chromosomes.  Since  the  magnitude  of  DNA  repair 
in  the  mouse  cells  is  less  than  10%  of  the  excision  repair  seen  in  human 
cells,  the  human  DNA  repair  components  are  distinguishable  from  the  mouse 
DNA  repair  components  in  the  man  x  mouse  somatic  cell  hybrids. 

The  hybrids  assayed  for  excision  repair  ability  appear  to  group  themselves 
into  one  of  three  categories: 

1.  Those  having  a  magnitude  of  repair  similar  to  human  cells. 

2.  Those  having  mouse-like  repair. 

3.  Hybrids  intermediate  between  the  two. 

Segregation  of  the  ability  to  repair  ultraviolet  (UV)  damage  in  41  primary 
hybrid  clones  has  been  tested  for  linkage  with  30  enzyme  markers  representing 
genes  known  to  be  assigned  to  each  of  the  21  different  human  chromosomes. 
Concordant  segregation  was  not  observed  between  DNA  repair  and  those  other 
enzyme  markers  indicating  that  the  assignment  of  a  gene(s)  required  for  the 
ability  to  repair  UV-induced  DNA  damage  can  be  excluded  from  all  but  three 
human  chromosomes.  Cytogenetic  analysis  of  informative  clones  will  indicate 
whether  the  gene(s)  required  for  repair  of  UV-induced  DNA  damage  are  carried 
by  1 ,  2  or  3  chromosomes. 

An  important  question  that  must  be  answered  in  order  to  interpret  the  data 
is  whether  the  mouse  input  cells  can  contribute  anything  to  the  excision 
repair  seen  in  the  hybrid  cells.  This  question  was  pursued  by  fusing  mouse 
cells  to  human  cells  defective  in  DNA  repair  derived  from  XP  patients.  The 
initial  results  demonstrate  that  the  mouse  cells  can  complement  the  defect  in 
some  XP  complementation  groups  indicating  that  in  man  x  mouse  cell  hybrids 
employing  human  cells  normal  for  excision  repair  capacity  the  mouse  cell 
can  contribute  one  or  more  steps  in  the  repair  pathway. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  importance  of  these  studies  lies  in  the  fact  that  most  organisms,  includ- 
ing man,  possess  several  complex  DNA  repair  systems.  There  is  a  demonstrated 
association  between  defective  DNA  repair,  cancer-proneness,  and  increased 
sensitivity  to  physical  and  chemical  environmental  mutagens  and  carcinogens. 
Thus,  there  is  a  need  to  elucidate  the  genetic  basis  of  this  polygenic  system 
in  order  to  understand  the  interactions  of  the  numerous  repair  enzymes.  A 
knowledge  of  the  chromosomal  assignment  of  the  genes  required  for  DNA  repair 
and  the  gene  or  genes  defective  in  XP  will  be  extremely  useful  in  prenatal 
diagnosis  and  genetic  counseling. 
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Thus,  the  potential  importance  of  this  project  is  that  it  will  yield  infor- 
mation on  the  genetic  structure  of  the  DNA  repair  mechanisms  in  man.  This 
information  is  essential  if  we  are  to  fully  understand  the  functional  rela- 
tionships between  DNA  repair,  mutagenesis  and  carcinogenesis. 

Proposed  Course:  To  continue  these  experiments  utilizing  human  x  mouse 
somatic  cell  hybrids  in  order  to  determine  the  number  and  kinds  of  genes 
required  for  the  repair  of  UV-induced  damage  in  man  as  well  as  the  chromoso- 
mal assignment  of  these  genes.  This  system  will  serve  as  a  model  for  the 
genetic  analysis  of  human  repair  mechanisms  involved  in  repairing  DNA  damage 
induced  by  other  agents. 

Date  Contract  Initiated:  September  17,  1979 

Current  Annual  Level :  $88,400 

HEBREW  UNIVERSITY  (NOl -CP-95625)  (Formerly  NOl -CP-43307) 
Title:  Studies  of  Mammalian  Cell  Transport  Systems 
Contractor's  Project  Director:  Dr.  Wilfred  D.  Stein 
Project  Officer  (NCI):  Dr.  David  G.  Longfellow 

Objectives: 

1.  To  determine  whether  the  process  of  carcinogenesis  leads  to  the  formation 
of  new  classes  of  membrane  transport  components  or  merely  to  the  increased 
production  of  existing  components. 

2.  To  follow  the  time  course  of  new  transport  kinetics  after  transformation 
to  the  malignant  state. 

3.  To  evaluate  the  influence  of  cell  density  on  transport  properties. 

4.  To  identify  competitive  and  irreversible  inhibitors  of  the  malignant- 
specific  transport  system. 

Major  Findings:  In  order  to  achieve  the  first  objective  the  contractor  has 
sought  reliable  data  and  trustworthy  kinetic  parameters  for  the  uptake  of 
cell  nutrients  and  nonmetabol izable  analogues  of  these  nutrients  using 
chicken  and  mouse  embryo  cells  and  malignant  cells  derived  from  them. 

The  contractor's  main  contribution  to  the  central  question  of  the  relation- 
ship between  membrane  transport  changes  and  the  development  of  the  malignant 
state  has  been  to  develop  methods  which  enable  transport  to  be  clearly 
analysed  separately  from  any  subsequent  metabolic  step  for  a  particular 
substrate.  Using  this  methodology,  they  have  have  shown  that  there  seems 
to  be  no  close  connection  between  transport  changes  and  oncogenesis,  at 
least  as  far  as  the  uridine  uptake  system  is  concerned.  This  is  one  of  the 
systems  classically  cited  as  demonstrating  such  a  connection.  Instead,  the 
subsequent  trapping  of  uridine  intracellularly  is  under  tight  control ,1  inked 
to  the  growth  state  of  the  cell.  They  have  explored  the  detailed  nature 
of  this  control  and  have  shown  that  it  resides  in  the  increased  affinity 
of  the  trapping  system  for  ATP.  Subsidiary  studies  have  provided  much 
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information  and  a  detailed  protocol  for  studies  on  the  activation  of  the 
trapping  system  with  time,  as  the  growth  state  of  the  cell  is  altered.  This 
laboratory  has  studied  cell  density  effects  on  transport  and  trapping  pro- 
perties. They  have  studied  in  great  detail  inhibitors  of  uridine  uptake 
in  mammalian  cells.  New  information  on  the  mode  of  action  of  these  inhi- 
bitors has  been  obtained,  on  whether  they  affect  transport  or  trapping, 
on  the  nature  of  the  inhibitor/inhibited  system  complex,  and  on  the  nature 
of  the  active  site  at  which  they  bind.  Since  these  inhibitors  are  cyto- 
static agents  used  in  cancer  chemotherapy,  this  information  should  be 
valuable  in  the  development  of  new  cancer  drugs,  and  in  this  context  a  new 
class  of  such  inhibitors  in  the  mercurial/thionucleoside  adducts  has  been 
discovered.  Methods  have  been  found  to  count  the  number  of  uridine  carriers 
per  cell.  It  was  shown  that  this  number  is  not  altered  when  the  growth 
state  of  the  cell  is  altered. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  contractor  has  developed  techniques  for  dissecting  the  overall  process 

of  substrate  uptake  into  two  tandem  processes  of  transport  and  intracellular 

trapping. 

These  studies  serve  as  a  model  and  provide  information  on  the  mechanism  of 
action  of  cytostatic  compounds.  This  should  be  valuable  in  designing  new 
cancer  chemotherapeutic  agents  based  on  nucleoside  analogs. 

Proposed  Course:  This  contract  was  terminated  on  October  14,  1979. 

Date  contract  Initiated:  June  25,  1974 

Current  Annual  Level :  -0- 

ILLINOIS,  UNIVERSITY  OF  (NOl -CP-95631 )  (Formerly  Thomas  Jefferson  University, 
NOl-CP-85673) 

Title:  Selective  Inhibition  of  RNA  Polymerase  II  Activity  as  a 
Diagnostic  Tool  to  Detect  Potential  Carcinogens 

Contractor's  Project  Director:  Dr.  Fu-Li  Yu 

Project  Officer  (NCI):  Dr.  Paul  Okano 

Objectives:  To  study  the  molecular  mechanisms  for  the  selective  inhibition 
of  hepatic  nucleolar  (ribosomal)  RNA  synthesis  and  the  inhibition  of  RNA 
polymerase  II  activity  by  the  carcinogens  N-hydroxy-2-acetylaminofluorene, 
aflatoxin  B,  and  actinomycin  D. 

Major  Findings : 

T^  The  contractor  previously  demonstrated  that  the  earliest  as  well  as  the 
most  dramatic  effect  of  aflatoxin  B]  treatment  is  the  profound  inhibition  of 
rat  nucleolar  RNA  synthesis.  In  order  to  understand  the  mechanism  of  this 
inhibition,  three  possibilities  were  considered: 
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a)  aflatoxin  B]  blocks  nucleolar  DNA  template  function, 

b)  aflatoxin  Bi  impairs  nucleolar  chromatin  function,  and 

c)  aflatoxin  B]  inhibits  RNA  polymerase  I  activity. 

When  each  of  the  above  mentioned  parameters  was  separately  analyzed,  it  was 
concluded  that  the  mechanism  of  aflatoxin  B]  inhibition  of  nucleolar  RNA 
synthesis  is  a  result  of  impaired  nucleolar  chromatin  template  function. 

2.  Another  carcinogen,  methylazoxymethanol  acetate  (MAMA),  the  active  meta- 
bolic product  of  the  naturally  occurring  carcinogen,  cycasin,  was  also  studied. 
The  contractor  found  that  this  carcinogen  also  inhibits  rat  liver  RNA  synthe- 
sis. In  contrast  to  aflatoxin  Bl  ,  however,  this  carcinogen  inhibited  only 
nucleoplasmic  RNA  synthesis  and  had  no  effect  on  nucleolar  RNA  synthesis. 
Further  analysis  showed  that  this  carcinogen  selectively  inhibited  RNA  poly- 
merase II  activity.  It  is  therefore  concluded  that  the  mechanism  of  MAMA 
inhibition  of  nucleoplasmic  RNA  synthesis  is  a  result  of  the  selective  inhi- 
bition of  RNA  polymerase  II  activity. 

3.  In  an  earlier  study,  the  contractor  demonstrated  that  the  rat  liver  nucleus 
contains,  in  addition  to  the  DNA-dependent  RNA  polymerases,  DNA-independent 
RNA  polymerases,  namely,  poly(A)  polymerase,  poly(G)  polymerase,  poly(C)  poly- 
merase, and  poly(U)  polymerase.  The  function  of  poly(A)  polymerase  is  well 
established.  However,  there  is  little  information  available  about  the  meta- 
bolic properties  of  this  enzyme.  In  a  recent  report,  the  contractor  presents 
evidence  to  show  that  the  poly(A)  polymerase  system  contains  a  protein  com- 
ponent with  a  very  high  turnover  rate  {th  =   0.8  hours)  and  which  is  believed 

to  be  important  in  the  regulation  of  messenger  RNA  maturation. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Earlier  studies  by  the  contractor  demonstrated  that  aflatoxin  Bi  interferes 
with  RNA  transcription  in  rat  liver  nuclei.  Nucleolar  RNA  synthesis  was  in- 
hibited by  aflatoxin  Bi  interference  with  nucleolar  template  function  and 
nucleoplasmic  RNA  synthesis  was  inhibited  by  the  inactivation  of  RNA  poly- 
merase II  activity.  The  interaction  of  cells  with  other  carcinogens  also 
results  in  an  alteration  of  gene  transcription.  These  studies  seek  to  under- 
stand the  mechanism  of  action  of  chemical  carcinogens  which  alter  DNA  template 
function  and  gene  transcription.  This  is  pertinent  to  a  further  understanding 
of  chemical  carcinogenesis  and  the  basic  mechanism  of  gene  regulation. 

Proposed  Course:  This  contract  is  scheduled  to  terminate  on  September  30, 
1930.  Support  for  the  continuation  of  this  project  is  being  sought  by  the 
submission  of  a  Research  Grant  Application  to  NIH.   In  the  time  remaining 
the  contractor  will  attempt  to  complete  studies  on  the  mechanism  of  inhibi- 
tion of  nucleolar  RNA  synthesis  by  aflatoxin  B]  and  on  the  selective  inhibi- 
tion of  RNA  polymerase  II  by  aflatoxin  Bi  and  other  carcinogens. 

Date  Contract  Initiated:  July  1,  1979 

Current  Annual  Level:  $33,962 
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INTERNATIONAL  AGENCY  FOR  RESEARCH  ON  CANCER  (NOT -CP-55630) 

Title:  The  Significance  of  Experimental  Carcinogenesis  Data  to  Man 

Contractor's  Project  Directors:  Dr.  Helmut  Bartsch 

Dr.  Ruggero  Montesano 

Project  Officer  (NCI):  Dr.  David  G.  Longfellow 

Objectives: 

1.  To  develop  and  understand  criteria  and  parameters  for  the  extrapolation 
of  experimental  carcinogenicity  data  to  humans. 

2.  To  validate  and  improve  rapid  screening  tests  which  may  have  a  use  in 
selecting  chemicals  for  in-depth  investigation  and/or  in  predicting  the 
carcinogenicity  of  environmental  chemicals. 

Major  Findings:  Studies  on  the  oxidative  metabolism  of  benzo(a)pyrene,  vinyl 
chloride,  and  related  halo-oelfins,  aflatoxin  B]  and  cyclic  N-nitrosamines 
revealed  large  inter-individual  differences  in  the  activity  of  microsomal 
cytochrome  P-450-dependent  mono-oxygenases  in  human  liver  and  lung  specimens. 
Statistically  significant,  positive  correlations  between  the  rates  of  hydroxy- 
lation  of  benzo(a)pyrene  in  human  liver  samples  and  their  capacity  to  convert 
structurally  diverse  carcinogens  as  vinyl  chloride,  N-nitrosamines  and  afla- 
toxin B]  into  reactive  metabolites  were  also  found.  This  data  provides  further 
support  that  non-toxic  predictor  drugs  may  exist  which  can  eventually  be  used 
for  assessing  the  rate  of  metabolism  of  environmental  carcinogens  in  humans 
in  vivo. 

Studies  on  the  role  of  DNA  repair  processes  in  the  carcinogenicity  of  nitros- 
amines  have  shown  that  the  promutagenic  base,  06-alkylguanine,  is  produced  in 
greater  yield  and  persists  for  longer  periods  of  time  in  the  DNA  of  organs 
where  tumors  arise  than  in  the  DNA  of  organs  where  tumors  do  not  occur.  The 
removal  of  O^-methylguanine  from  DNA  in  vivo  appears  to  be  due  to  an  enzyme 
mechanism,  which  varies  in  activity  from  tissue  to  tissue.  It  is  lowest  in 
the  organs  which  are  most  susceptible  to  tumor  induction.  For  example,  in 
hamster  liver  tumors  are  induced  by  a  single  dose  of  dimethylnitrosamine  (DMN). 
The  efficiency  of  removal  of  O^-methylguanine  was  higher  after  low  doses  of 
dimethylnitrosamine. 

Tissue-mediated  mutagenicity  tests  have  been  used  to  study  the  mode  of  meta- 
bolic activation  of  a  variety  of  chemical  carcinogens  including  halo-olefins, 
DDT  and  derivatives  of  polycyclic  hydrocarbons.  Strong  evidence  was  obtained 
that  vinyl  chloride  and  vinyl  bromide  are  converted  by  mouse-liver  microsomes 
in  the  presence  of  oxygen  into  chloro-  and  bromoethylene  oxide.  Chloro- 
ethylene  oxide  induced  local  tumors  in  mice,  supporting  the  role  of  the 
epoxide  as  an  ultimate  carcinogenic  metabolite.  In  vitro  studies  on  DDT 
support  the  hypothesis  that  chemically  reactive  DDT-intermediates  are  formed 
which  can  bind  covalently  to  nucleophilic  sites. 

With  the  polycyclic  hydrocarbons,  tissue-mediated  mutagenicity  tests  helped 
to  determine  which  particular  dihydrodiols  are  precursors  of  biological ly- 
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active  vicinal  diol  epoxides.  In  an  extension  of  earlier  collaborative 
studies,  data  on  the  mutagenicity  of  several  dihydrodiols  derived  from 
7,12-dimethylbenz(a)anthracene  and  3-methylcholanthrene  towards  S.  typhimurium 
in  the  presence  of  a  rat  liver  post-mitochondrial  supernatant  indicated 
that  "bay-region"  diol-epoxides  may  be  ultimate  carcinogenic  metabolites. 
Five  carcinogenic  polycyclic  hydrocarbons  and  the  related  dihydrodiols 
thought  to  be  precursors  of  biologically-active  "bay-region"  diol-epoxides 
were  assayed  in  microsome-mediated  mutagenicity  tests  with  S.  typhimurium 
TA  100.  Close  positive  associations  were  found  between  rat  liver  microsome- 
mediated  mutagenicities  of  the  dihydrodiols  and  the  extent  of  reaction  with 
DNA  in  hydrocarbon-treated  mouse  skin  and  the  carcinogenic  potencies  of  the 
parent  hydrocarbons.  The  mutagenic  activities  of  the  5  hydrocarbons  them- 
selves showed  no  such  correlations. 

A  total  of  180  compounds  were  tested  in  the  Salmonel la/microsome  assay  or 
its  adapted  procedures,  and  34  compounds  in  Chinese  hamster  V79  cells  in 
the  presence  of  different  metabolic  activation  systems.  The  following 
specific  problems  were  analyzed:  the  predictive  value  of  the  test;  frequency 
distribution  of  chemicals  (classes)  according  to  their  mutagenic  activity; 
quantitative  relationship  betwen  mutagenicity  and  carcinogenicity  of  selected 
carcinogens;  chemicals  activatable  into  mutagens  by  human  liver  enzymes;  use 
of  rodent  hepatic  versus  extra-hepatic  tissue  fractions;  and  the  source  and 
concentration  of  liver  microsomal  protein  required  for  maximal  mutagenic 
activity.  In  Chinese  hamster  V79  cells  the  optimal  mutagenic  response  with 
various  carcinogens  was  detected  at  different  concentrations  of  post- 
mitochondrial  rat  liver  fraction.  When  intact  cells  were  used  as  a  metabo- 
lizing system,  the  cell  specificity  observed  in  activation  reactions  was 
substrate  dependent. 

Using  rat  liver  epithelial  cells  to  study  neoplastic  transformation  in  vitro, 
some  in  vitro  markers  (growth  in  agar,  appearance  of  a-glutamyl transpeptidase, 
morphological  changes)  have  been  shown  to  correlate  with  the  tumorigenicity 
of  the  cells.  Surface  proteins  have  also  been  examined  in  a  series  of 
tumorigenic  and  non-tumorigenic  cell  lines.   In  contrast  to  fibroblast  cul- 
tures, no  correlation  was  observed  between  decrease  of  fibronectin  and 
tumorigenicity  of  the  cells. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  studies  on  the  role  of  metabolism  and  DNA  repair  processes  in  the  organ- 
or  species-specific  carcinogenicity  of  various  chemicals  and  on  the  validity 
and  reproducibility  of  various  short-term  tests  for  the  detection  of  chemical 
carcinogens,  are  aimed  at  gaining  a  better  understanding  of  the  basic  bio- 
chemical mechanisms  of  carcinogenesis.  This  will  permit  a  better  use  of 
test  systems  to  detect  environmental  carcinogens  and  a  better  approach  for 
extrapolating  experimental  data  to  humans. 

Proposed  Course:  The  program  will  continue  mainly  along  the  same  lines. 

Date  Contract  Initiated:  September  1,  1974 

Current  Annual  Level:  $309,759 
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JOHNS  HOPKINS  UNIVERSITY  (NOl -CP-55713) 

Title:  Studies  on  Significance  of  Mutation  in  Carcinogenesis 
Contractor's  Project  Director:  Dr.  Paul  0.  P.  Ts'o 
Project  Officer  (NCI):  Dr.  David  G.  Longfellow 

Objectives: 

1.  To  characterize  quantitatively  the  entire  neoplastic  transformation 
process  in  cultured  normal  diploid  Syrian  hamster  cells. 

2.  To  correlate  the  alterations  in  growth  properties  of  cells  with  their 
tumorigenicity  in  animals. 

3.  To  develop  a  somatic  mutation  system  from  normal  diploid  Syrian  hamster 
embryo  cells  in  order  to  investigate  the  basic  relationship  between  neoplastic 
transformation  and  somatic  mutation. 

Major  Findings:  The  successful  approach  of  this  study  on  the  correlation  of 
in  vitro  cellular  growth  properties  and  tumorigenicity  using  cells  trans- 
formed by  benzo(a)pyrene  has  now  been  extended  to  the  analysis  of  spontane- 
ously transformed  cell  lines  and  cell  lines  transformed  by  physical  agents. 
The  entire  transformation  process  has  also  been  characterized  by  the  examina- 
tion of  several  alterations  in  growth  properties  such  as  enhancement  of  fibri- 
nolytic activity,  cloning  efficiency  in  low  serum,  low  calcium,  and  in  semi- 
solid agar  as  well  as  their  correlation  with  tumorigenicity. 

This  contractor  and  others  have  demonstrated  that  specific  DNA  perturbations 
(such  as  that  causing  DNA  strand  breaks)  lead  to  cell  death  and  somatic  muta- 
tion within  4  to  5  cell  divisions  but  does  not  lead  to  the  appearance  of  tumor- 
igenic  subpopulations  in  the  culture  until  after  80-200  cell  divisions.  The 
nature  of  this  long  progression  to  tumorigenesis  was  investigated  using  somatic 
cell  genetic  techniques.  The  results  show  that  in  vitro  neoplastic  transforma- 
tion of  diploid  Syrian  hamster  embryo  (SHE)  cells  is  a  multi-step  process,  and 
is  not  characterized  adequately  by  single  dominant,  codominant,  or  X-1 inked 
recessive  gene  mutation.  The  evidence  obtained  indicates  that  if  neoplastic 
transformation  is  initiated  by  single-gene  mutation,  this  change  would  be 
recessive,  and  autosomal ly-1 inked.  Anchorage  independent  growth  is  initially 
suppressed  in  intraspecies  hybrids  of  tumorigenic,  anchorage-independent  cells 
and  normal  SHE  cells.  The  reexpression  of  anchorage-independenc  and  tumori- 
genicity occurs  at  a  rate  which  approximates  the  rate  of  chromosomal  segre- 
gation, measured  by  the  emergence  of  HPRT"  cells  through  fluctuation  analysis. 
The  rate  of  the  spontaneous  appearance  of  anchorage-independent  cells  in  a 
preneoplastic  subtetraploid  cell  line  is  similar  to  the  rate  of  single  co- 
dominant  (Oua"^)  gene  mutation  in  the  same  population.  However,  the  frequency 
of  appearance  of  anchorage-independent  cells  is  not  increased  by  point  (MNNG) 
or  frameshift  (ICR-170)  mutagenesis,  which  can  induce  codominant  (Oua"^)  but 
not  recessive  (HPRT")  mutations  in  these  cells.  This  observation  indicates  a 
recessive  nature  for  the  anchorage-independence  trait.  Early  results  from 
studies  on  the  ploidy  dependence  of  neoplastic  transformation  (2N  versus  4N) 
suggest  that  the  initiation  of  neoplastic  transformation  is  unlikely  to  be  a 
dominant  gene  mutation. 
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Significance  to  Biomedical  Research  and  to  the  Program  of  the  Institute: 
Quantitative  measurement  and  understanding  of  the  basic  mechanism  of  neo- 
plastic transformation  are  of  primary  importance  both  for  scientific  purposes 
and  for  the  practical  aspects  of  cancer  cause  and  prevention.  For  the  first 
time,  a  complete  process  for  the  transformation  of  a  normal  diploid  cell  to 
a  tumorigenic  cell  is  being  described  quantitatively,  and  the  relationship 
of  neoplastic  transformation  to  somatic  mutation  is  gradually  being  under- 
stood. The  importance  of  the  epigenetic  process  and  chromosomal  events  is 
clearly  indicated  in  this  study. 

Proposed  Course: 

1.  To  utilize  techniques  by  which  one  can  induce  chromosomal  variation  in 
order  to  study  these  effects  on  the  initiation  and  progression  of  neoplastic 
transformation. 

2.  To  develop  additional  assays  which  will  increase  the  efficiency  of  the 
characterization  of  the  transformation  process. 

Date  Contract  Initiated:  June  27,  1975 

Current  Annual  Level :  $160,000 

JOHNS  HOPKINS  UNIVERSITY  (NOl -CP-85670) 

Title:   Identification  of  Heterozygous  Carriers  of  DNA  Repair  Defects 

Contractor's  Project  Director:  Dr.  Lawrence  Grossman 

Project  Officer  (NCI):  Dr.  David  G.  Longfellow 

Objectives:  To  immunologically  assess  the  level,  distribution,  and  nature 
of  DNA  repair  enzymes  in  cell  lines  derived  from  patients  with  DNA  repair 
deficiencies. 

Major  Findings:  This  first  year  has  been  devoted  to  three  research  cata- 
gories  whose  goals  are  to  converge  for  achieving  the  objectives  of  the 
contract.  The  first  goal  was  to  establish  culture  techniques  for  maintaining 
xeroderma  pigmentosum  cell  lines  and  cell  lines  derived  from  presumed  hetero- 
zygotes  for  this  disease.  Six  primary  cell  lines  have  been  established  which 
grow  on  a  common  media  and  support  transformation  of  SV40  virus  as  well  as 
transfection  by  SV40  DNA  as  assessed  by  fluorescent  antibody  assays  to  SV40 
coat  protein.  These  systems  have  been  established  for  host  cell  reactivation 
studies  as  a  quantitative  measure  of  UV  sensitivity  by  these  repair  deficient 
cell  lines. 

The  second  and  third  goals  were  to  make  monoclonal  antibodies  to  a  variety 

of  enzymes.  This  is  the  complete  purification  and  labelling  with  radioactive 

iodine  of  the  following  enzymes: 

1.  Apurinic/apyrimidinic  (AP)  endonuclease  which  assumes  a  sensitive  locus 

for  many  repair  DNA  glycosylases  and  endogeneous  depurination  and  depyrimini- 

dation. 
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2.  The  3'  ->  5'  exonuclease,  which  excises  AP  sites  at  3'  termini  along  with 
many  hundreds  of  nucleotides. 

3.  The  5'  ->  3'  exonuclease,  which  excises  damaged  nucleotides  at  5'-termini 
along  with  approximately  10  nondamaged  nucleotides. 

4.  The  DNA  polymerase  ^,   which  reinserts  nucleotides  at  small  gaps. 

5.  The  DNA  polymerase  a,  which  reinserts  nucleotides  into  larger  gaps. 

6.  The  polynucleotide  ligase,  which  restores  the  integrity  of  the  damaged 
strand. 

In  addition  a  UV  DNA  binding  protein  has  been  purified  which  may  assume  a 
controlling  role  in  UV  damaged  DNA  repair. 

Most  of  the  enzymes  have  been  iodinated  with  '^^I  to  be  used  as  a  labelled 
antigen  in  radioimmunoassays.  All  of  these  enzymes  are  currently  being  used 
as  antigens  to  optimize  antibody  production  in  mice. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  development  of  a  sensitive  and  specific  assay  for  the  level  of  repair 
enzymes  in  human  cells  will  allow  one  to  determine  the  involvement  of  DNA 
repair  in  carcinogenesis  and  in  the  predisposition  to  cancer  of  individuals. 

Proposed  Course: 

1.  To  determine  the  limits  of  detection  of  enzymes  under  study  by  monoclonal 
antibodies  using  the  "sandwiching"  technique  by  fixing  the  F(ab)2  fragment 

to  the  antigen  followed  by  the  complete  antibody  and  '25i  labelled  Staph 
aureus  A  protein. 

2.  To  determine  the  limits  of  sensitivity  and  specificity  by  using  varying 
levels  of  human  cell  cultures. 

3.  To  use  the  monoclonal  antibodies  as  an  indicator  of  enzyme  levels  in 
repair  deficient  cell  lines,  cell  lines  derived  from  families  showing  pre- 
disposition to  cancer,  and  primary  cell  lines  from  workers  in  cancer 
trandition  occupations. 

Date  Contract  Initiated:  September  30,  1978 

Current  Annual  Level :  $223,492 

MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY  (NOl -CP-33315) 

Title:  Environmental  Occurrence  of  N-Nitroso  Compounds 

Contractor's  Project  Director:  Dr.  Steven  R.  Tannenbaum 

Project  Officers  (NCI):  Dr.  Elizabeth  Weisburger 

Dr.  Larry  Keefer 

Objectives: 

1.  To  investigate  how  nitrate  is  metabolized  in  man,  particularly  how  it  is 
converted  to  nitrite. 

2.  To  investigate  formation  of  N-nitroso  compounds  by  deliberate  nitrosation 
of  food  material  under  simulated  gastric  conditions. 
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3.  To  apply  the  findings  of  the  above  objectives  to  the  etiology  of  gastric 
cancer  in  Southern  Colombia. 

Major  Findings:  Studies  have  been  conducted  on  the  nitrosation  of  the  major 
food  items  in  the  high-risk  gastric  cancer  region  of  Colombia.  Corn,  wheat 
and  fava  beans  gave  evidence  of  formation  of  N-nitroso  compounds  and/or  muta- 
genic substances  following  exposure  to  nitrite  under  simulated  gastric  condi- 
tions. Corn  yielded  a  variety  of  compounds  which  gave  a  nitrosamine-1 ike 
response  on  the  Thermal  Energy  Analyzer,  but  which  were  not  N-nitroso  compounds. 
Identifications  have  included  nitrohexane  and  3-nonenylnitrol ic  acid.  Fava 
beans  have  yielded  a  mutagenic  substance  which  is  currently  being  identified. 

Studies  have  been  conducted  on  the  characteristics  of  the  Thermal  Energy  Ana- 
lyzer to  enhance  the  specificity  of  the  response  and  improve  the  use  of  the 
instrument  for  nitrosamine  identification. 

Studies  have  been  conducted  on  the  chemistry  of  gastric  juice  from  Boston  and 
Colombia.   Important  differences  have  been  noted  in  nitrite  stability  and  in 
the  capacity  to  generate  nitrosamine  from  added  amines.  The  Colombian  juice 
is  much  more  likely  to  yield  N-nitroso  compounds  under  equivalent  conditions. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
N-nitroso  compounds  may  be  the  cause  of  certain  types  of  human  cancer.   If 
conditions  could  be  found  in  the  environment  which  allow  correlation  of 
N-nitroso  compound  formation  with  a  specific  form  of  cancer,  the  knowledge 
could  be  applied  to  prevention  of  the  disease.  This  project  will  determine 
the  total  extent  to  which  N-nitroso  compounds  may  be  present  in  various  environ- 
ments including  a  cancer-rich  region  of  Colombia.  Conditions  which  enhance  or 
retard  formation  of  N-nitroso  compounds  in  foods,  beverages,  human  saliva  and 
the  stomach  will  be  investigated. 

Proposed  Course:  This  contract  is  due  to  expire  on  June  10,  1980.  A  major 
emphasis  in  this  program  will  continue  to  be  N-nitroso  compound  formation  and 
occurrence  in  a  cancer-rich  region  of  Colombia.  Research  support  for  studies 
on  the  conversion  of  nitrate  to  nitrite  in  man,  nitrosation  of  food  materials 
under  gastric  conditions,  and  formation  of  N-nitroso  compounds  in  saliva  and 
gastric  contents  will  continue  under  a  Program  Project  Grant  awarded  on 
March  1 ,  1980. 

Date  Contract  Initiated:  June  11,  1973 

Current  Annual  Level :  -0- 

MISSOURI,  UNIVERSITY  OF  (NOl -CP-75946) 

Title:  Retroaldol  Type  Fragmentation  of  6-Hydroxynitrosamines  Which  May 
Be  Environmental  Carcinogens. 

Contractor's  Project  Director:  Dr.  Richard  N.  Loeppky 
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Project  Officer  (NCI):  Dr.  Larry  Keefer 

Objectives: 

T  To  develop  methods  to  characterize  trace  nitrosamines  in  metal  working 

fluids  containing  N-nitrosodiethanolamine  (NDEIA). 

2.  To  determine  the  fate  of  ^^C  labeled  NDEIA  in  metalworking  fluids. 

3.  To  synthesize  and  study  the  chemistry  of  the  nitrite  esters  related 
to  diethanolamine. 

4.  To  study  the  retroaldol  fragmentation  of  g-Hydroxynitrosamines  which 
may  be  present  in  environmental  samples. 

Major  Findings:  New  methods  have  been  developed  for  the  purification  and 
characterization  of  NDEIA.  The  material  so  produced  is  "shelf  stable" 
indefinitely.  New  analytical  methods  for  the  separation  of  other  nitrosamines 
from  NDEIA  which  permits  artifact  free  GC-MS  characterization  of  these 
nitrosamines  have  been  established.  This  has  permitted  the  unambiguous  and 
artifact  free  characterization  of  all  of  the  major  products  from  the  base- 
induced  fragmentation  of  NDEIA.  These  are:  2-hydroxyethylvinylnitrosamine, 
2-hydroxyethylmethylnitrosamine  and  N-nitrosomorpholine.  Small  quantities 
of  dimethylnitrosamine  and  methylvinylnitrosamine  are  also  detected. 

The  presence  of  dimethylnitrosamine  in  a  metalworking  fluid  has  been  con- 
firmed by  stopped-flow  HPLC  and  detection  by  G.C.-T.E.A.  in  addtion  to 
G.C.-M.S.  specification  monitoring.  By  performing  :in  manufacturing  plant" 
experiments  with  metalworking  fluids,  it  has  been  demonstrated  that  NDEIA 
is  formed  from  di-  or  more  likely  triethanolamine  in  the  absence  of  nitrite. 
The  nitrosating  agent  presumably  arises  from  oxides  of  nitrogen  in  the  air. 
Studies  with  new  nitrosation  inhibitors  have  indicated  that  it  is  possible 
to  keep  the  subject  nitrosation  reactions  at  a  minimum  in  the  industrial 
environment. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  finding  of  the  apparent  lability  of  N-nitrosodiethanolamine  and  the 
contamination  of  "pure  preparations"  with  unknown  substances  yielding  more 
carcinogenic  nitrosamines  upon  storage,  casts  a  shadow  on  the  validity  of 
all  the  biological  testing  done  to  date  with  this  compound.  The  work 
accomplished  during  this  period  provides  methodology  to  better  establish  the 
environmental  risk  posed  by  exposure  to  NDEIA.  The  low  levels  of  NDEIA 
formed  in  metalworking  fluids  which  contain  no  nitrite  apparently  arises  from 
tertiary  amines  and  oxides  of  nitrogen.  The  partial  inhibition  of  this 
process  in  alkaline  media  is  unique,  since  all  known  nitrosation  inhibitors 
act  in  acidic  media. 

Proposed  Course:  The  final  stages  of  this  work  will  involve  subjecting 
I^C-labeled  NDEIA  to  metal  cutting  and  grinding  conditions  in  the  laboratory 
and  searching  for  other  nitrosamines  in  metalworking  fluids  using  newly 
developed  analytical  methodology. 

Date  Contract  Initiated:  September  30,  1977 

Current  Annual  Level:  -0- 
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NORTH  CAROLINA.  UNIVERSITY  OF  (NOT -CP-55707)  ' 

Title:  Development  of  Detailed  Methods  and  Protocols  for  Carcinogenesis 
Screening  Using  Cell  Culture  Assays  -  Task  V 

Contractor's  Project  Director:  Dr.  Joe  W.  Grisham 

Project  Officer  (NCI):  Dr.  Paul  Okano 

Objectives:  To  develop  in  vitro  techniques  to  screen  chemicals  for  carcino- 
genicity in  liver  epithelial  cells,  using  transformation  to  tumorigenicity 
as  the  end-point. 

Major  Findings:   In  order  to  rapidly  screen  different  types  of  chemicals 
representing  different  classes  of  procarclnogens,  ultimate  carcinogens,  and 
noncarcinogens,  for  carcinogenicity  in  vitro,  the  system  employed  must  quickly 
respond  to  chemicals  with  the  potential  to  induce  cancer  in  animals.  The  work 
on  this  project  has  taken  two  directions:  quantitation  of  the  ability  of 
continuously  cultured  liver  epithelial  cells  to  metabol ical ly  activate  pro- 
carcinogens  and  definition  of  the  transformation  process  in  liver  epithelial 
cells  in  vitro.  The  aim  of  these  studies  is  to  delineate  the  precision  and 
optimize  the  speed  of  carcinogen  bioassay  employing  these  cells. 

The  metabolism  of  two  procarclnogens,  benzo(a)pyrene  and  biphenyl,  has  been 
well  characterized  in  freshly  isolated  hepatocytes  by  other  investigators. 
Using  similar  techniques  of  thin  layer  and  high  pressure  liquid  chromato- 
graphic separation  of  metabolites  generated  by  cellular  metabolism  of  radio- 
labeled substrates,  we  have  quantitated  the  ability  of  four  lines  of  liver 
epithelial  cells  to  metabolize  benzo(a)pyrene.  Each  line  of  liver  epithelial 
cells  formed  a  variety  of  metabolites,  including  9,10-diols,  7,8-dlols, 
4,5-dlols,  quinones,  9-phenols,  and  3-phenols.  Water  soluble  metabolites 
represented  glucuronide  and  sulfate  conjugates  of  these  products  and  included 
some  secondary  and  tertiary  metabolites.  Although  the  variety  of  the  products 
of  benzo(a)pyrene  metabolism  compared  favorably  with  the  range  of  metabolites 
produced  by  hepatocytes,  liver  epithelial  cells  were  quantitatively  deficient, 
metabolizing  0.08  nmoles  benzo(a)pyrene/hr/106  cells;  hepatocytes  metabolized 
9  nmoles/hr/10^  cells.  These  results  suggest  that  the  ability  of  liver  epi- 
thelial cells  to  generate  reactive  metabolites  may  limit  their  ability  to 
detect  benzo(a)pyrene  when  used  as  a  carcinogen  screen. 

Previous  research  on  this  contract  has  disclosed  that  several  months  elapse 
following  exposure  of  liver  epithelial  cells  in  vitro  to  an  active  carcinogen 
before  transformation  1s  expressed  by  the  ability  of  cells  to  produce  tumors 
after  implantation  Into  animals.  The  long  period  between  exposure  of  liver 
epithelial  cells  to  carcinogens  and  tumorigenicity  considerably  handicaps  the 
use  of  this  biological  end-point  if  these  epithelial  cells  are  to  form  the 
basis  of  a  rapid  carcinogen  screen.  Using  the  active  carcinogen,  N-methyl- 
N'-nitro-N-nitrosoguanidine  (MNNG),  we  have  observed  that  during  the  lag 
period,  carcinogen-treated  liver  epithelial  cells  undergo  step-wise  and 
progressive  modifications  in  growth,  culminating  in  tumorigenicity.  Altera- 
tions in  cellular  growth  following  single  or  multiple  exposures  to  MNNG 
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include  accelerated  growth  rate  (due  both  to  shortened  post-plating  lag  and 
decreased  logarithmic  doubling  time),  increased  saturation  density,  increased 
colony-forming  efficiency,  development  of  chromosomal  abnormalities,  and 
anchorage-independent  growth.  Occurrence  of  these  sequential  changes  in 
growth  pattern  are  dependent  on  both  time  and  the  cumulated  dose  of  carcino- 
gen; repeated  exposures  and/or  repeated  subculturing  accelerate  the  appear- 
ance of  growth  modifications.  Ability  to  grow  in  soft  agar  and  tumori- 
genicity  are  late  events  in  the  in  vitro  transformation  sequence  in  liver 
epithelial  cells,  and  are  not  feasible  end-points  for  a  rapid  carcinogen 
screen.  The  linkage  betwen  early  growth  modifications  of  cells  exposed  to 
MNNG  and  their  ability  to  grow  in  soft  agar  has  been  reexamined.  The  sequen- 
tial changes  noted  reproducibly  precede  anchorage-independent  growth  in  at 
least  one  line  of  liver  epithelial  cells.  Similar  studies  will  determine 
whether  exposure  of  liver  epithelial  cells  to  other  active  carcinogens  will 
produce  this  sequence  of  growth  modifications  preceding  their  tumorigenicity. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute: 
This  project  has  demonstrated  that  transformation  of  liver  epithelial  cells 
invvitro  is  a  slow  process  consisting  of  multiple,  sequential  changes  in 
growth  behavior,  culminating  in  tumorigenicity.  The  importance  of  this 
observation  to  biomedical  science  stems  from  its  contribution  to  an  under- 
standing of  carcinogenesis  in  epithelial  cells,  the  most  common  site  of 
neoplasms  in  man.  Further  study  of  this  in  vitro  model  may  elucidate  the 
mechanisms  and  importance  of  sequential  changes  in  transforming  epithelial 
cells.  The  significance  of  these  studies  to  the  in  vitro  screening  program 
of  the  Institute  is  the  indication  that  early  steps  in  the  transformation 
sequence  may  be  used  as  markers  for  ultimate  tumorigenicity.  If  validated, 
the  use  of  one  or  more  of  these  early  markers  as  assay  end-points  may  allow 
a  rapid  carcinogen  screening  procedure  with  epithelial  cells  in  vitro. 

Proposed  Course:  This  contract  is  due  to  expire  on  September  29,  1980.  In 
the  time  remaining  the  potential  utility  of  one  or  more  of  the  early  changes 
in  growth  behavior  of  carcinogen-treated  liver  epithelial  cells  will  be 
examined  as  potential  markers  for  latent  tumorigenicity.  A  Research  Grant 
Application  has  been  filed  to  seek  support  for  studies  to  analyze  this 
system  further. 

Date  Contract  Initiated:  June  26,  1971 

Current  Annual  Level :  $113,382 

SLOAN-KETTERING  INSTITUTE  FOR  CANCER  RESEARCH  (NOl -CP-85665) 
Title:  Identification  of  Heterozygous  Carriers  of  DNA  Repair  Defects 
Contractor's  Project  Director:  Dr.  Raju  S.K.  Chaganti 
Project  Officer  (NCI):  Dr.  David  G.  Longfellow 
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Objectives:  To  develop,  using  chromosome  instability  (chromosome  breakage 
and  sister  chromatid  exchange)  as  the  endpoint,  methods  for  the  detection 
of  heterozygous  genotypes  for  the  genes  causing  the  autosomal  recessive 
disorders,  Fanconi's  anemia  (FA),  ataxia  telangiectasia  (AT),  Bloom  syndrome 
(BS),  and  xeroderma  pigmentosum  (XP). 

Major  Findings:  Studies  of  spontaneous  and  diepoxybutane  (DEB)-induced  chro- 
mosome breakage  in  lymphocytes  of  five  patients  affected  with  FA,  nine  pa- 
tients with  disorders  showing  some  of  the  clinical  features  of  FA  (atypical 
FA,  dyskeratosis  congenita),  nine  unaffected  members  in  FA  families,  and  15 
normal  controls  were  completed.  When  treated  with  0.1  mg/ml  of  DEB,  affected 
lymphocytes  responded  with  a  175-fnld  increase  in  chromosome  breakage  com- 
pared with  that  exhibited  by  similarly  treated  lymphocytes  from  normal 
individuals  or  from  patients  who  manifest  some  clinical  features  of  FA.  The 
breakage  in  affected  lymphocytes  was  characterized  by  multiple  complex 
chromatid  exchanges.  Lymphocytes  from  FA  heterozygotes  showed  a  four-fold 
increase  in  chromosome  breakage,  which  was  characterized  by  chromatid  exchange, 
when  compared  with  control  lymphocytes.  Amniotic  fluid  cells  from  three 
fetuses  at  risk  for  FA  were  studied;  two  were  diagnosed  as  affected  and  the 
third  was  diagnosed  as  normal.  The  contractor's  method  now  permits  diagnosis 
of  FA  pre-  and  postnatal ly  and  the  detection  of  carriers.  The  use  of 
lymphocytes,  coupled  with  the  high  and  characteristic  breakage  seen  in  them, 
makes  this  method  particularly  suitable  for  rapid  detection  of  the  FA  gene 
in  homozygous  as  well  as  heterozygous  states. 

A  spontaneous  chromosome  breakage  study  for  detecting  individuals  with  AT  was 
completed  using  five  affected  children,  five  parents  (heterozygotes),  two 
sibs  with  ataxia  alone  and  their  parents.  The  baseline  breakage  in  these 
patients  and  parents  was  similar  to  that  described  previously.  So  far,  the 
lymphocytes  of  only  one  heterozygote  have  been  tested  for  DEB-induced  breakage; 
in  this  case,  a  significant  increase  in  breakage  was  found  compared  to  that 
seen  in  normal  lymphocytes.  Further  testing  of  heterozygotes  is  needed  to 
confirm  this  observation. 

Spontaneous  and  DEB-induced  chromosome  breakage  and  sister  chromatid  exchange 
(SCE)  were  studied  in  the  blood  lymphocytes  of  three  XP  patients  and  one  XP 
parent.  Affected  lymphocytes  exhibited  a  significant  increase  in  SCE  compared 
to  normals.  The  heterozygous  lymphocytes  responded  with  SCE  and  chromosome 
breakage  comparable  to  that  exhibited  by  normal  lymphocytes,  when  treated 
with  DEB. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Chromosome  instability  possibly  is  a  reflection  of  the  defective  DNA  repair 
systems  present  or  postulated  in  these  disorders.  By  studying  the  cyto- 
genetic responses  of  cells  carrying  these  genes  to  mutagens  that  will  elicit 
the  DNA  repair  mechanisms,  insight  into  the  nature  of  the  defects  themselves 
can  be  gained.  In  terms  of  the  cancer  program,  methods  for  the  detection  of 
carrier  individuals  will  enable  recognition  of  individuals  at  risk  for  cancer 
in  the  population. 
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Proposed  Course:  To  concentrate  on  developing  a  test  for  the  detection  of 
carriers  of  XP. 

Date  Contract  Initiated:  September  30,  1978 

Current  Annual  Level:  $72,913 

SOUTHERN  CALIFORNIA,  UNIVERSITY  OF  (NOl -CP-65831 ) 

Title:  Carcinogenesis  In  Vitro:   Initiation  and  Promotion 

Contractor's  Project  Director:  Dr.  Charles  Heidelberger 

Project  Officer  (NCI):  Dr.  Paul  Okano 

Objectives:  To  develop  and  standardize  an  initiation-promotion  system  as  a 
potential  prescreen  for  carcinogens  and  tumor  promoters.  To  develop  and 
standardize  a  liver  cell-mediated  activation  of  various  classes  of  chemical 
carcinogens.  To  develop  methods  for  the  assay  of  syncarcinogenesis  by  com- 
binations of  weak  carcinogens. 

Major  Findings:  In  the  project  involving  two-stage  carcinogenesis  the  con- 
tractor's efforts  have  been  concentrated  on  three  aspects: 

1.  The  standardization  of  a  tumor  promoter  screening  system  using  tumor 
promoters  that  have  been  tested  in  vivo. 

2.  The  development  of  a  more  rapid  test  for  tumor  promoters. 

3.  The  study  of  the  mechanism  of  tumor  promotion. 

A  potent  anticancer  drug  and  transforming  agent  for  C3H  10T%  cells,  5-azacyti- 
dine  (5-aza-CR),  was  chosen  as  an  initiator,  since  this  compound  also  has  the 
capacity  to  induce  differentiation  in  C3H  lOJg  cells  to  muscle  cells,  fat  cells 
and  chondrocytes.  lodoacetic  acid  and  mezercine  enhanced  cell  transformation 
by  5-aza-CR  but  less  so  than  TPA.  These  results  agree  with  their  skin  tumor 
promoting  activity.  All  known  tumor  promoters  tested  except  phenobarbital 
inhibited  cell  differentiation  induced  by  5-aza-CR,  while  non-tumor  promoters 
were  inactive.  Phenobarbital  may  represent  a  special  case  since  it  is  only  a 
promoter  of  hepatocarcinogenesis. 

In  order  to  find  more  rapid  methods  to  test  for  tumor  promoters,  two  phenomena 
associated  with  tumor  promotion  were  investigated  as  possible  screening  cri- 
teria. These  were  changes  in  cell  morphology  and  inhibition  of  5-aza-CR  in- 
duced cell  differentiation  in  response  to  tumor  promoters.  The  results  show 
that  neither  criterion  can  be  used.  Some  tumor  promoters  produced  the  morpho- 
logical changes,  but  other  active  tumor  promoters  did  not.  Also,  both  tumor 
promoters  and  inhibitors  of  tumor  promotion  exerted  inhibitory  effects  on 
induced  cell  differentiation. 

Twenty-one  clones  of  cells  were  isolated  from  regenerating  C3H  mouse  liver.  All 
appear  epithelial  in  morphology  and  are  separated  into  four  categories  based  on 
morphological  differences.  In  collaboration  with  Drs.  H.  Pitot,  E.  Sirica,  and 
H.  Leffert,  the  cells  are  being  characterized  biochemically.  Thus  far,  the 
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cells  do  not  exhibit  any  characteristic  properties  of  hepatocytes  for  which 
they  were  tested.  However,  all  cells  do  metabol ically  activate  different 
classes  of  chemical  carcinogens.  Two  of  the  four  liver  cell  lines  have  been 
successfully  transformed  with  aflatoxin  B] ,  3-methylcholanthrene,  and  N- 
acetoxy-2-acetylaminofluorene.  Clones  MLS  and  ML20,  when  transformed,  showed 
no  obvious  alteration  in  morphology  and  growth  characteristics,  but  produced 
tumors  in  3-4  weeks  in  X-irradiated  6  week  old  C3H  mice.  When  used  as  feeder 
layers  for  C3H  101%  cells,  which  cannot  metabolize  aflatoxin  B]  ,  cytotoxicity 
and  transformation  of  C3H  lOUa  cells  by  aflatoxin  B]  was  achieved. 

The  treatment  of  C3H  lOTij  cells  with  subeffective  concentrations  of  two  dif- 
ferent polycyclic  aromatic  hydrocarbons  was  previously  reported  to  transform 
cells  with  high  frequency.  This  study  was  extended  to  include  other  chemical 
and  physical  carcinogens  in  combination.  Prior  treatment  of  cells  with  PAH 
does  not  influence  transformation  by  MNNG,  which  itself  even  after  repeated 
treatments  does  not  produce  transformation  in  asynchronous  cultures.  UV 
irradiation  did  not  produce  any  transformation,  even  with  repeated  exposure. 
Treatment  with  a  subeffective  concentration  of  MCA,  before  or  after  UV  irra- 
diation, did  not  influence  UV  transformation.  When  the  cells  were  treated 
with  an  effective  concentration  of  MCA  (0.25  and  lug/ml)  prior  to  or  after 
UV  radiation,  the  transformation  frequencies  were  diminished.  This  shows 
an  antagonistic  effect  between  this  chemical  and  physical  carcinogen. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  major  goal  of  this  project  is  to  develop  assays  for  screening  for  putative 
environmental  carcinogens  and  tumor  promoters  using  C3H  lOT^s  cells.  Testing 
combinations  of  subthreshold  concentrations  of  different  carcinogens  is  also 
important,  because  in  the  environment  there  is  always  likely  to  be  a  mixture 
of  many  carcinogens  in  low  concentrations,  which  can  exert  various  effect  on 
each  other.  The  contractors  have  developed  and  standardized: 

1.  The  system  of  chemical  transformation  of  C3H  lOTij  cells. 

2.  Two  stage  carcinogenesis,  initiation  and  promotion,  and  have  found  a 
good  correlation  among  the  activities  of  different  chemical  classes  of  tumor 
promoters  tested  in  vivo  and  in  the  in  vitro  system. 

3.  A  system  of  liver  cell-mediated  in  vitro  activation  of  various  classes  of 
chemical  carcinogens  that  require  metabolic  activation  for  their  action  and 
have  produced  oncogenic  transformation  of  C3H  lOTig  cells. 

In  short,  the  contractors  are  now  in  a  position  to  screen  environmental  pol- 
lutants for  their  carcinogenic  and/or  tumor  promoting  action.  In  addition, 
they  are  investigating  the  molecular  mechanisms  of  tumor  promotion  and  the 
role  of  inhibition  of  differentiation  in  the  mechanism  of  tumor  promotion. 

Proposed  Course: 

1.  To  continue  testing  more  chemical  carcinogens,  singly  and  in  combination 
(particularly  with  other  physical  carcinogens  for  transformation  of  C3H  lOTij 
cells. 

2.  To  continue  testing  some  remaining  known  tumor  promoters  and  also  some 
unknowns  for  their  tumor  promotion  activity  in  our  system. 

3.  To  study  the  effect  of  tumor  promoters  on  RNA  and  protein  synthesis,  and 
to  study  more  deeply  the  role  of  induction  of  ornithine  decarboxylase  and 
cellular  differention  as  possible  mechanisms  for  tumor  promotion. 
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4.  To  characterize  our  liver  cell  clones,  both  biochemically  and  electron 
microscopical ly. 

5.  To  determine  the  validity  of  using  these  liver  cells  as  feeder-layers  to 
activate  various  classes  of  chemical  compounds  to  transform  C3H  10T%  cells. 
To  compare  our  results  with  those  in  other  laboratories  that  use  liver  homo- 
genates  or  primary  hepatocytes  for  metabolic  activation. 

Date  Contract  Initiated:  September  1,  1976 

Current  Annual  Level  :  $159,613 

TEMPLE  UNIVERSITY  (NOl -CP-85603) 

Title:  Hairless  Mice  for  UV  Carcinogenesis  Studies 

Contractor's  Project  Director:  Dr.  Paul  Donald  Forbes 

Project  Officers  (NCI):  Dr.  David  G.  Longfellow 

Dr.  Thomas  orme 

Objectives: 

1.  To  evaluate  the  comparative  UV  photocarcinogenic  sensitivity  of  selected 
stocks  and  strains  of  non-haired  mice. 

2.  To  characterize  several  immunologic  properties  of  the  selected  animals. 

3.  To  evaluate  breeding  efficiency  of  stocks  or  strains  which  might  be 
designated  as  preferred  test  organisms  for  photocarcinogenesis  studies. 

Major  Findings:  Currently,  data  from  a  preliminary  UV  radiation  dose-response 
carcinogenesis  study  using  all  of  the  available  stocks/strains,  with  12  mice 
in  each  treatment  group  is  being  evaluated.  The  radiation  source  was  a  6  KW 
xenon  long-arc,  water-cooled  burner  with  inherent  all  quartz  filtration  and 
an  additional  1  mm  thick  sheet  of  Schott  WG  320  doped  glass,  representing 
approximately  one  atmosphere  (NCI  Monograph  No.  50,  pp.  91-95,  1978).  After 
24  weeks  of  a  regimen  consisting  of  5  exposures  per  week  (400  JM~^  of  ery- 
thema energy  during  each  2  hour  exposure),  the  strains  differed  significantly 
in  response.  All  of  the  test  animals  of  the  most  susceptible  strain  (HRA/Skh) 
had  some  tumors  at  least  1  mm  in  diameter.  Of  the  HRS/J  mice  exposed  (which 
like  the  HRA/Skh  strain  were  inbred,  albino,  and  bore  the  hour  mutation) 
only  15%  had  one  or  more  tumors.  The  other  strains  had  intermediate 
susceptibility. 

Representative  animals  from  the  same  stocks  and  strains  were  evaluated  immuno- 
logically by  monitoring  their  ability  to  respond  to  various  mitogens  (PHA, 
LPS  and  concanavalin  A)  and  to  both  T-dependent  (sheep  erythrocytes)  and  T- 
independent  (pneumococcal  polysaccharide  type  III)  antigens.  The  numbers  of 
T  lymphocytes  (thymus-processed)  and  B  lymphocytes  (surface  immunoglobul in- 
positive)  in  the  thymus,  spleen  and  a  pool  of  lymph  nodes  of  individual  animals 
were  determined  using  immunofluorescent  techniques;  the  values  for  each  group 
of  animals  were  found  to  be  comparable.  All  groups  of  mice  responded  to  the 
standard  doses  of  the  mitogens  tested.  The  antibody-forming  ability  was 
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evaluated  by  determining  the  number  of  plaque-forming  cells  in  the  spleen 
after  immunization  with  pneumococcal  polysaccharide  or  sheep  erythrocytes;  all 
strains  responded  to  both  types  of  antigens.  At  8-12  weeks  all  mice  tested 
by  these  assays  appeared  to  be  immunologically  competent  when  compared  with 
reported  values  for  normal  mice. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Heritable  factors  influence  susceptibility  to  carcinogens,  as  clearly  evi- 
denced in  animal  studies.  This  study  identifies  several  sources  of  material 
for  isolating  and  evaluating  such  components  as  immunologic  response  and 
cellular  repair. 

Proposed  Course:  Evaluation  of  ten  stocks  and  strains  of  hairless  mice  for 
sensitivity  to  UV  photocarcinogenesis  will  continue.  During  the  third  year, 
the  immunologic  studies  will  be  devoted  primarily  to  determing  whether 
immunologic  responses  to  UV  radiation  exposure  reflect  the  direction  of 
difference  noted  in  carcinogenic  sensitivity. 

Date  Contract  Initiated:  September  1,  1978 

Current  Annual  Level :  $293,641 

TEXAS,  UNIVERSITY  OF(M.D.  ANDERSON  HOSPITAL  AND  TUMOR  INSTITUTE) (NOl -CP-85671 ) 

Title:   Isolation  and  Purification  of  Human  Polycyclic  Hydrocarbons  Metabo- 
lizing Enzymes  and  Production  of  Antisera  to  the  Pure  Enzymes 

Contractor's  Project  Director:  Dr.  Marilyn  S.  Arnott 

Project  Officer  (NCI):  Dr.  Paul  Okano 

Objectives :  To  purify  and  characterize  the  enzymes  involved  in  the  detoxi- 
fication pathway  of  polycyclic  aromatic  hydrocarbon  (PAH)  metabolism  and  to 
prepare  antibodies  against  the  purified  enzymes.  To  purify  and  characterize 
the  microsomal  enzymes  involved  in  PAH  activation  and  to  prepare  antibodies 
against  the  enzymes . 

Major  Findings:  The  isolation  of  three  enzymes  from  human  liver,  phenolsul- 
fotransferase  (PST),  glutathione-S-transferase  (GST),  and  UDP-glucuronyl trans- 
ferase (UDPGT)  have  been  accomplished  with  varying  degrees  of  success. 

1.  PST  has  been  purified  21-fold  from  cell  supernatent  by  affinity  chromato- 
graphy over  Blue  Sepharose,  ammonium  sulfate  precipitation,  and  DEAE-cel lulose 
chromatography.  The  enzyme  conjugates  phenol  to  3'-phosphoadenosine  5'-phos- 
phosulfate  with  a  specific  activity  of  6.2  nmoles/min/mg.  The  recovery  of 
enzyme  activity  at  this  stage  is  6%. 

2.  Two  forms  of  GST  have  been  separated:  one  which  conjugates  styrene  oxide 
and  BP-4,5-oxide  to  glutathione  and  another  which  conjugates  1 -chloro-2,4- 
dinitrobenzene  (CDNB)  to  glutathione.  The  first  has  been  purified  6-fold  from 
the  supernatant  by  acid  precipitation  and  DEAE-cellulose  chromatography.  The 
enzyme  is  recovered  in  16%  yield  at  this  stage  with  a  specific  activity  toward 


1558 


styrene  oxide  of  0.3  ymoles/min/mg.  Using  the  same  method,  the  enzyme  which 
acts  on  CDNB  has  been  purified  25-fold  to  a  specific  activity  of  5  ymoles/ 
min/mg  (76%  recovery)  and  8  umo1es/min/mg  (28%  recovery).  Using  DEAE-Sephadex 
instead  of  DEAE-cellulose,  this  enzyme  was  purified  143-fold  to  a  specific 
activity  of  27  ymoles/mi.n/mg  (50%  recovery). 

3.  Purification  of  UDPGT  has  been  attempted  by  solubilization  of  microsomes 
with  Lubrol ,  ammonium  sulfate  precipitation  and  DEAE-cellulose  chromatography. 
The  apparent  purification  through  these  steps  is  only  1.6  fold.  The  purifi- 
cation is  suspected  to  be  much  better  than  this,  but  the  loss  of  phospholipid 
with  each  step  reduces  the  activity  of  the  enzyme.  Erikson  et  al . ,  (Biochem 
17:  3706,  1978)  reported  loss  of  90%  of  the  UDPGT  activity  with  94%  removal 
of  phospholipids  from  the  microsomes.  The  UDPGT  activity  was  restored  by 
addition  of  lecithin.  Several  phospholipids  have  been  ordered  and  the  activity 
of  reconstituted  material  will  be  examined  at  each  step  in  the  purification. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  availability  of  human  carcinogen  metabolizing  enzymes  in  purified  form 

will : 

1.  Provide  a  means  for  examining  in  detail  the  metabolic  activation  and 
detoxification  of  PAH  carcinogens  in  humans. 

2.  Facilitate  comparison  of  carcinogen  metabolism  between  human  and  experi- 
mental animal  systems,  thus,  aiding  in  animal -to-human  extrapolation  of  car- 
cinogenicity data. 

3.  Lead  to  sensitive  assays  for  carcinogen  metabolizing  enzymes  in  human 
tissue. 

4.  Allow  for  the  preparation  of  monospecific  antibodies,  opening  the  way 
for  development  of  radioimmunoassays  for  key  enzymes. 

These  achievements  may  evantually  lead  to  methods  for  assessing  potential 
individual  cancer  risk  in  humans,  based  on  their  ability  to  metabolize 
carcinogens. 

Proposed  Course:  The  further  purification  and  characterization  of  PST  from 
human  liver  will  proceed.  The  purified  enzyme  will  be  used  for  antibody  pro- 
duction and  for  substrate  specificity  studies.  GSTs  from  human  liver  will 
be  further  purified  by  Cell  ex  D  and  DEAE-Sephadex  chromatography  followed 
by  gel  and  affinity  chromatography.  The  purified  enzymes  will  be  tested  for 
enzymatic  activity  and  used  for  antibody  preparation.  The  purification  of 
UDPGT  will  continue  with  the  use  of  phospholipids  to  restore  enzyme  activity. 
The  purification  of  human  liver  cytochromes  P-450  will  be  attempted  using 
methods  developed  in  the  laboratory  to  obtain  high  enzyme  field. 

Date  Contract  Initiated:  September  30,  1978 

Current  Annual  Level:  $110,613 
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VANDERBILT  UNIVERSITY  (N01-CP-85672)  • 

Title:  Isolation  and  Purification  of  Human  Polycyclic  Hydrocarbons  Metabo- 
lizing Enzymes  and  the  Production  of  Antisera  to  the  Pure  Enzymes 

Contractor's  Project  Director:  Dr.  F.  Peter  Guengerich 

Project  Officer  (NCI):  Dr.  Paul  Okano 

Objectives: 

1.  To  purify  NADPH-cytochrome  P-450  reductase  to  homogeneity 

2.  To  purify  human  liver  microsomal  epoxide  hydra tase  to  homogeneity 

3.  To  purify  several  of  the  individual  human  liver  cytochromes  P-450  to 
homogeneity. 

4.  To  prepare  antibodies  to  each  of  the  above  purified  enzymes. 

5.  To  reconstitute  mixed-function  oxidase  activity  towards  several 
environmental ly-important  substrates . 

6.  To  physically  characterize  purified  epoxide  hydratase,  cytochromes 
P-450,  and  NADPH-cytochrome  P-450  reductase. 

7.  To  compare  substrate  specificities  of  human  liver  microsomal  cytochromes 
P-450  with  those  of  the  enzymes  obtained  from  laboratory  animals. 

Major  Findings:  The  work  to  date  has  encompassed  the  purification  of  human 
liver  cytochrome  P-450,  the  purification  of  human  liver  NADPH-cytochrome  P-450 
reductase,  the  purification  of  human  liver  epoxide  hydratase  and  an  examination 
of  the  immunological  crossreactivity  of  rat  liver  and  human  enzymes.  A  proce- 
dure previously  used  to  isolate  rabbit  lung  and  rat  liver  cytochrome  P-450 
(P-450)  was  modified  for  use  with  human  liver.  Basically,  the  procedure  in- 
volves the  extraction  of  microsomes  by  chelate  followed  by  octylamino- 
Sepharose  4B,  hydroxylapatite  and  DEAE-cel lulose  chromatpgraphy.  Yields  of 
0.7  to  4.5%  were  obtained  from  liver  samples  from  different  patients  with 
specific  contents  ranging  from  9.4  to  13.8  nmole  P-450/mg  protein.  The  pre- 
parations were  shown  to  be  electrophoretical ly  homogeneous  with  molecular 
weights  of  53,000  (patient  #3)  to  55,500  (patient  #6).  The  isolated  human 
P-450  was  characterized  spectrally  in  the  oxidized  (416,528  and  540  nm  absorp- 
tion maxima),  reduced  (418  and  560  nm  maxima),  and  reduced-CO  complex  (450 
and  552  nm  maxima).  When  coupled  with  rat  liver  or  human  liver  NADPH-cyto- 
chrome P-450  reductase,  the  P-450  preparation  from  patient  #6  actively  metabo- 
lized benzphetamine  and  7-ethoxycoumarin.  These  activities  were  enhanced  3- 
to  5-fold  by  phospholipid. 

Human  liver  NADPH-cytochrome  P-450  reductase  can  be  recovered  from  the  octyl- 
amino-Sepharose  4B  column  as  a  by-product  of  the  P-450  procedure  and  further 
purified  by  DEAE-cellulose  and  2',5'-ADP  affinity  chromatography.  The  enzyme 
can  be  obtained  in  approximately  a  50%  yield  and  can  be  used  interchangeably 
with  rat  liver  enzyme  in  reconstituting  human  cytochrome  P-450  activity. 

The  human  liver  epoxide  hydratase,  in  contrast  to  P-450  and  its  reductase,  is 
found  in  human  liver  at  concentrations  as  high  as  in  rat  liver.  A  number  of 
fractions  from  three  different  patients  have  been  purified  to  electrophoretic 
homogeneity  using  procedure  devised  to  allow  the  simultaneous  purification  of 
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the  enzyme  along  with  P-450  and  its  reductase.  The  human  liver  epoxide  hydra- 
tases  were  shown  to  behave  differently  from  those  of  rat  liver  in  extraction 
and  chromatographic  procedures.  The  specific  activities  of  the  various  puri- 
fied enzymes  from  6  patients  towards  styrene  7,8-oxide  ranged  from  4  to  63 
nmoles/min/mg  protein.  The  apparent  subunit  molecular  weights  of  various  rat 
had  human  liver  preparations  were  all  about  50,000  daltons.  The  human  liver 
epoxide  hydratase  fractions  were  shown  to  be  not  remarkably  different  from  the 
various  rat  fractions  in  amino  acid  composition,  although  individual  human 
fractions  differed  among  each  other  with  respect  to  methionine,  tyrosine  and 
histidine  contents.  When  examined  by  agarose  gel  electrophoresis  at  pH  5,9, 
the  human  liver  epoxide  hydratases  migrated  differently  among  each  other;  all 
were  more  acidic  than  the  rat  enzymes.  The  human  liver  enzymes  also  differed 
considerably  with  regard  to  both  rat  preparations  and  to  each  other  in  sub- 
strate specificity  towards  seven  different  epoxides.  This  was  true  whether 
activity  was  measured  as  absolute  rates  per  mg  protein  or  as  relative  rates 
compared  to  styrene  7,8-oxide  hydratase. 

The  immunological  cross-reactivity  of  rat  liver  and  human  epoxide  hydratases 
and  P-450,  have  been  examined.  Human  liver  epoxide  hydratases  derived  from 
four  different  patients  were  found  to  be  immunologically  similar  but  distinct 
from  rat  liver  epoxide  hydratases  when  compared  by  an  immunodiffusion  technique. 
Using  complement  (c')  fixation,  four  different  human  liver  epoxide  hydratase 
preparations  differed  both  with  regard  to  the  maximum  percentage  of  c'  fixed 
and  in  the  amount  of  antigen  required  for  50%  c'  fixation,  although  three  of 
the  preparations  were  not  distinguished  by  immunodiffusion  analysis.  Anti- 
bodies raised  to  highly  purified  P-450s  from  either  phenobarbital  (PB)-  or  3- 
methylcholanthrene  (3MC)-treated  rats  did  not  precipitate  P-450s  prepared  from 
four  different  patients.  By  c'  fixation,  however,  P-450s  from  three  different 
patients  cross-react  with  PB-rat  P-450  but  not  3MC-rat  P-450.  In  collaboration 
with  Dr.  H.V.  Gelboin,  NCI,  initial  experiments  indicate  that  in  benz(a) 
anthracene-induced  human  monocytes,  benzo(a)pyrene  hydroxylase  activity  is 
inhibited  76%  by  3MC-rat  P-450  antibody  and  46%  by  PB-rat  P-450  antibody  but 
is  not  affected  by  pre-immune  antibody.  Similar  results  were  obtained  with 
human  lymphocytes. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Polycyclic  aromatic  hydrocarbons  are  some  of  the  most  thoroughly  studied  of  the 
chemical  carcinogens  in  the  environment.  The  enzymes  that  metabolize  these 
and  other  carcinogens  have  been  studied  in  laboratory  animals,  but  data  for 
human  systems  is  limited.  Many  of  these  carcinogens  require  activation  by 
these  enzymes  to  exert  their  effects;  however,  the  same  enzymes  also  appear  to 
be  capable  of  detoxifying  some  of  these  compounds.  A  need  exists  to  establish 
the  relevance  of  the  animal  studies  to  human  systems.  Availability  of  the 
pure  enzymes  and  their  specific  antibodies  would  permit  the  examination  of  the 
roles  of  these  enzymes  in  large  human  populations  and  to  better  understand 
their  role  in  chemical  carcinogenesis. 

Proposed  Course:  To  continue  production  of  human  liver  microsomal  cytochrome 
P-450,  NADPH-cytochrome  P-450  reductase  and  epoxide  hydratace.  To  compare 
immunologically  the  human  liver  enzymes  to  each  other  and  to  enzymes  isolated 
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from  experimental  animals.  To  develop  optimal  conditions  for  mixed-function 
oxidation  of  polycyclic  aromatic  hydrocarbons  in  reconstituted  enzyme  systems. 
To  examine  human  placenta  samples  as  a  better  source  of  microsomal  cytochrome 
P-450.  To  produce  monoclonal  antibodies  to  purified  and  partially-purified 
human  enzymes.  To  develop  a  competitive  radioimmune  assay  for  quantitation 
of  human  enzymes.  To  characterize  human  liver  microsomal  enzymes  physically 
and  metabol ically .  To  purify  cytosolic  human  liver  epoxide  hydratase. 

Date  Contract  Initiated:  September  30,  1978 

Current  Annual  Amount:  $56,674 

WEIZMANN  INSTITUTE  OF  SCIENCE  (NOl -CP-33220) 

Title:  The  Study  of  Alteration  in  Translation  of  Genetic  Messages  Induced 
by  Viruses  and  Carcinogens 

Contractor's  Project  Director:  Dr.  Ernest  Winocour 

Project  Officer  (NCI):  Dr.  Paul  Okano 

Objectives:  To  develop  a  new  screening  procedure  for  potential  carcinogens 
involving  the  measurement  of  recombination  activity  between  DNA  tumor  viruses 
and  host  cell  CNA.  To  study  the  mechanism  of  carcinogen-induced  DNA  mutagene- 
sis and  in  particular  the  question  of  site  specificity.  To  continue  the  study 
of  the  enhancement  of  cell  transformation  by  the  combined  effects  of  chemical 
carcinogens  and  DNA  tumor  viruses. 

Major  Findings:  A  rapid  assay  for  single  cells  supporting  wild-type  or  recom- 
binant SV  40  DNA  synthesis  adapted  from  an  in  situ  plaque  hybridization  pro- 
cedure. The  assay  involves  the  trapping  of  known  numbers  of  singly-infected 
or  carcinogen-induced  cells  on  nitrocellulose  membrane  filters,  followed  by 
the  denaturation  of  the  trapped  cells  by  alkali  and  analysis  of  the  cells'  DNA 
content  by  hybridization  with  the  appropriate  32p_ia5e]ed  DNA  probe.  The  re- 
sults are  visualized  by  autoradiography.  Using  SV  40-infected  cells  and  an 
SV  40-specific  probe,  the  contractors  have  shown  that  the  antoradiographic 
response  (number  of  spots  per  filter)  is  linearly  proportional  to  the  number 
of  infected  cells  plated  and  the  multiplicity  of  infection.  This  assay  is 
simple,  rapid  and  is  capable  of  detecting  recombinant  virus  producing  cells 
at  a  level  of  1  x  10"*^. 

Exposure  of  SV  40-transformed  Chinese  hamster  cells  to  increasing  concentra- 
tions of  benzo(a)pyrene  (BaP)  or  to  BaP  diol  epoxide  induced  increasing  levels 
of  viral  DNA  synthesis.  The  experiments  demonstrate  that  the  carcinogenic 
potential  of  BaP  can  be  monitored  by  measuring  its  ability  to  induce  viral  DNA 
synthesis . 

The  contractors  have  examined  the  combined  effect  of  carcinogens  and  SV  40  on 
the  enhancement  of  viral  transformation.  Using  an  SV  40  tsA  class  of  mutants, in 
which  the  temperature-sensitive  lesion  occurs  in  a  gene  capable  of  controlling 
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the  phenotype  of  the  transformed  cell,  transformation  of  rat  embryo  cells  was 
enhanced  11 -fold  by  the  combined  exposure  of  cells  to  BaP  and  SV  40  tsA209. 
The  synergistic  effect  is  also  expressed  when  the  infection  is  mediated  by 
naked  viral  DNA.  The  results  indicate  that  the  phenotype  of  cells  transformed 
by  SV  40  and  BaP  remains  predominantly  under  the  control  of  the  viral  genes. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Viruses  such  as  SV  40  presumably  induce  cell  transformation  by  introducing  a 
specific  gene  and  thus  a  specific  gene  product  into  the  cell.  The  basic 
mechanism  of  cell  transformation  by  chemical  carcinogens  is  at  present, 
unknown.  The  treatment  of  a  virus-transformed  cell  with  chemical  carcinogens 
results  in  their  interaction  with  either  viral  or  cellular  genetic  information, 
The  elucidation  of  the  molecular  mechanisms  by  which  chemical  carcinogens  and 
their  metabolites  affect  the  integration  and  expression  of  the  tumor  virus 
genomi  may  be  important  for  understanding  both  viral  and  chemical  carcino- 
genesis. These  studies  also  serve  as  a  basis  for  the  development  of  a  new 
rapid  screening  system  for  potential  chemical  carcinogens. 

Proposed  Course:  This  contract  is  scheduled  to  terminate  on  July  31,  1980. 
The  contractors  have  been  encouraged  to  submit  Research  Grant  Applications 
to  obtain  continued  support  for  this  project.  The  final  phase  will  focus 
on  clarifying  the  mechanism  of  the  induction  of  viral  DNA  by  chemical  car- 
cinogens and  screening  a  variety  of  chemical  carcinogens  for  their  relative 
activities  in  this  system.  Also,  experiments  to  determine  if  and  how  a 
chemical  carcinogen  influences  the  spectrum  of  SV  40  integration  sites  in 
the  cellular  genome  will  be  completed. 

Date  Contract  Initiated:  June  1,  1976 

Current  Annual  Level :  -0- 

MISCONSIN.  UNIVERSITY  OF  (NOl -CP-85609) 

Title:  DNA  Repair  Studies  in  Cultured  Hepatocytes 

Contractor's  Project  Directors:  Dr.  Henry  C.  Pi  tot 

Dr.  Allen  E.  Sirica 

Project  Officer  (NCI):  Dr.  David  G.  Longfellow 

Objectives:  To  evaluate  and  optimize  the  DNA  repair  system  of  primary  adult 
hepatocytes  as  a  potential  screen  for  chemical  carcinogens. 

Major  Findings:  The  procarcinogen,  2-acetylaminofluorene,  the  direct-acting 
carcinogen,  methylmethanesulfonate,  and  two  other  hepatocarcinogens,  thio- 
acetamide  and  urethane  were  tested  for  their  ability  to  elicit  unscheduled 
DNA  synthesis  in  adult  rat  hepatocytes  maintained  in  primary  culture  on 
collagen  gel/nylon  mesh.  Unscheduled  DNA  synthesis  was  measured  as  the 
increase  in  [methyl -^Hjthymidine  radioactivity  incorporated  per  gram  DNA  of 
the  carcinogen-treated  cultures  as  compared  with  that  of  control  cultures. 
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Both  2-acetylaminofluorene  and  methylmethanesulfonate  demonstrated  a 
concentration-dependent  stimulation  of  unscheduled  DNA  synthesis  in  6  hour 
hepatocyte  cultures.  However,  the  response  in  28  hour  cultures  to  these  two 
carcinogens  was  absent  unless  the  hepatocytes  were  preincubated  for  22  hours 
in  culture  medium  supplemented  with  10~^M  dexamethasone  and  10"^M  glucagon, 
or  in  a  more  complete  hormone-supplemented  medium.  Thioacetamide  and 
urethane,  on  the  other  hand,  failed  to  elicit  a  concentration-dependent 
unscheduled  DNA  synthesis  under  these  conditions.  The  results  obtained 
with  this  culture  system  are  similar  to  those  of  short-term  tests  for  chemi- 
cal carcinogenicity,  and  support  the  potential  use  of  the  collagen  gel/nylon 
mesh-hepatocyte  primary  culture  as  an  in  vitro  screen  for  chemical  carcino- 
gens. Furthermore,  this  study  suggests  the  importance  of  specific  hormones 
in  maintaining  the  capability  for  repair  of  DNA  damage  produced  by  carcino- 
genic and  mutagenic  chemicals  in  cultured  hepatocytes.  More  recently,  the 
validity  of  this  system  in  comparison  with  that  reported  by  Williams  (Cancer 
Res.  37:  1845,  1977)  which  involves  grain  counts  from  autoradiograms  of  the 
cultured  cells  was  demonstrated.  DNA  repair  induced  by  2-acetylaminofluorene, 
as  measured  by  autoradiography,  agrees  well  with  the  quantitative  isolation 
and  determination  of  specific  activity  of  the  DNA  in  the  presence  of  [^H] 
thymidine,  the  latter  system  being  the  one  the  contractors  have  devised. 

One  of  the  difficulties  present  in  the  tested  procedure,  which  is  apparently 
not  a  major  factor  in  that  of  Williams  and  others  using  autoradiography,  is 
the  relatively  high  background  radioactivity  in  control  cultures.  Despite  a 
most  rigorous  purification  this  problem  could  not  be  eliminated.  It  is  now 
apparent  that  the  majority  of  this  background  is  due  to  label  in  the  cyto- 
plasmic, mitochondrial  fraction.  The  isolation  of  nuclei  from  cultured 
hepatocytes  followed  by  the  isolation  of  DNA  from  the  purified  nuclei  was 
found  to  decrease  the  background  levels  by  more  than  90%.  This  will  clearly 
increase  the  sensitivity  of  the  method  in  the  future. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute: 
The  development  of  this  system  for  the  monitoring  of  potential  environmental 
carcinogens  offers  promise  of  an  additional  screening  procedure  to  be 
employed  with  such  techniques  as  the  Ames  mutagenesis  assay  and  sister 
chromatid  exchange.  The  principle  advantage  of  the  hepatocyte  system  is 
that  the  enzymes  required  to  metabolize  the  pro  form  of  many  chemical  carcino- 
gens are  inherent  within  the  cell  system  being  utilized.  Thus,  they  do  not 
have  to  be  added,  eliminating  the  potentiality  of  destruction  of  sensitive 
enzymatic  machinery  required  in  the  metabolism  of  certain  carcinogens.  The 
system  is  relatively  simple  and  more  rapid  than  most  other  screening  assays, 
the  entire  procedure  taking  about  48  to  72  hours. 

Proposed  Course:  During  the  coming  year  efforts  will  be  focused  at  deter- 
mining the  overall  ability  of  the  system  to  monitor  a  variety  of  specific 
compounds  for  their  ability  to  elicit  DNA  repair.  This  will  be  correlated 
with  known  carcinogenic  and  mutagenic  effects  of  these  compounds. 

The  study  of  the  repair  capability  of  primary  adult  hepatocytes  obtained 
from  a  variety  of  species  of  animals  including  the  mouse,  hamster,  cat. 
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guinea  pig  and  rabbit  will  be  carried  out  in  order  to  determine  whether  a 
different  species  will  exhibit  higher  levels  of  repair  than  is  seen  with 
the  rat  and  thus  be  a  better  source  of  cultured  liver  cells  for  use  in  the 
system. 

Date  Contract  Initiated:  March  29,  1978 
Current  Annual  Level :  $57,  597 
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CHEMICAL  AND  PHYSICAL  CARCINOGENESIS  BRANCH 
GRANTS  ACTIVE  DURING  FY80 
MOLECULAR  CARCINOGENESIS 


Investigator/ Institute/Grant  Number 

ALEXANDER,  Chester,  Jr. 

University  of  Alabama  in  University 

5  ROl  CA20245-02 

ALFRED,  Lawrence  J. 
Charles  R.  Drew  Postgraduate 
Medical  School 
5  ROl  CAl 9659-03 

ANDERSON,  Lucy  M. 

Sloan  Kettering  Institute  for 

Cancer  Research 

5  R01-CA22509-03 

ANDREWS,  Alan  D. 
Columbia  University 
5  R23  CA25894-02 

ANTHOLINE,  William  E. 
Medical  College  of  Wisconsin 
5  ROl  CA20737-03 

ASTLE,  Lynn 
University  of  Utah 
1  ROl  CA28006-01 

AUSTIN,  Garth  E. 

University  of  California  Los  Angeles 

5  ROl  CAl 9624-03 

AVADHANI,  Narayan  G. 
University  of  Pennsylvania 
5  R01-CA22762-03 

BANERJEE,  Mihir  R. 

University  of  Nebraska  Lincoln 

1  ROl  CA25304-01A1 

BECKER,  Frederick  F. 

University  of  Texas  System  Cancer 

Ceoter 

5   ROl    CA20131-03 


Title 

Free  Radical  Reactions  in 
DNA  Purine  Analogs 


Aryl  Hydrocarbon  Hydroxylase 
Levels:  Head-Neck  Cancer 


Chemical  Factors  in  Fetal 
Oncogenesis 


DNA  Repair  Processes  in 
Xeroderma  Pigmentosum 


ESR  Characterization  of 
Immobilized  Free  Radicals 


Gastrointestinal  Carcino- 
genicity of  Mai ondi aldehyde 


Pathogenesis  of  Primary 
Hepatocellular  Carcinomas 


Molecular  Mechanisms  of  Chemical 
Carcinogenesis 


Chemical  Carcinogenesis 
Mammary  Gland  Organ  Culture 


Analysis  of  Chromatin  during 
Chemical  Carcinogenesis 
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BECKER,  Frederick  F. 
University  of  Texas  System 
Cancer  Center 
5  ROl  CA20657-05 

BECKER,  Frederick  F. 
University  of  Texas  System 
Cancer  Center 
1  ROl  CA28263-01 

BHARGAVA,  Madhu  M. 
Yeshiva  University 
5  ROl  CA24842-02 

BOUCK,  Noel  P. 
Northwestern  University 
5  ROl  CA27306-02 

BOURNE,  Henry  R. 
University  of  California 
San  Francisco 
5  ROl  CA23218-03 

BOWDEN,  George  T. 
University  of  Arizona 
1  ROl  CA26972-01 

BOYNTON,  Alton  L. 
National  Research  Council 
of  Canada 
1  ROl  CA28340-01 

BRESNICK,  Edward 
University  of  Vermont  and 
State  Agriculture  College 
5  ROl  CA21 258-03 

BRESNICK,  Edward 
University  of  Vermont  and 
State  Agriculture  College 
5  ROl  CA23514-03 

BROOKES,  Peter 
University  of  London 
1  ROl  CA25807-01 

BROWN,  Clark  E. 

New  England  Deaconess  Hospital 

1  ROl  CA24893-01 


Phenotypic  Analysis  of  Chemical 
Carcinogenesis 


Chromosomal  Proteins  in  Chemical 
Carcinogenesis 


Ligandin:  Structure,  Regulation, 
Role  in  Hepatocarcinoma 


Genetic  Analysis  of  Malignant 
Transformcltion  " 


Carcinogen  Testing:  A  Mouse 
Lymphoma  Mutation  System 


Postrepli cation  Repair  in 
Cultured  Mammalian  Cells 


Assays  for,  and  Actions  of. 
Carcinogens  and  Promoters 


In  Vivo-In  Vitro  Model  for 
Identification  of  Carcinogens 


DNA  Repair  After  Polycyclic 
Hydrocarbon  Administration 


Biological  Result  of  Carcinogen 
Induced  Damage  to  DNA 


Cancer  of  Rat  Prostate:  Its 
Induction  and  Prevention 
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BRUNI,  Carlo 
University  of  Virginia 
Charlottesville 
5  ROl  CA22025-02 

BRYAN,  George  T. 

University  of  Wisconsin  Madison 

5  ROl  CA11946-10 

CAMPBELL,  T.  Colin 
Cornell  University  Ithaca 
5  ROl  CA  23913-02 

CHAMBERS,  Robert  W. 
New  York  University 
2  ROl  CA16319-06 

CLARKSON,  Judith  M. 
University  of  Texas  System 
Cancer  Center 
2  ROl  CA19281-04A1 

COATES,  Robert  M. 
University  of  Illinois 
Urbana-Champaign 
2  ROl  CA20436-04 

COFFINO,  Philip 
University  of  California 
San  Francisco 
5  ROl  CA23218-02 

CORBETT,  Michael  D. 
University  of  Miami 
5  ROl  CA23492-02 

COVEY,  Douglas  F. 
Washington  University 
5  ROl  CA23582-03 

COX,  Ray 

University  of  Tennessee  Center 

Health  Science 

2   ROl    CA15189-07A1 

DAUB,  Guido  H. 

University  of  New  Mexico 

Albuquerque 

5  ROl  CA16871-03 


Electron  Microscopy  of  Muscle 
Carcinogenesis 


Carcinogenicity  and  Metabolism 
of  5-Nitrofurans 


Effect  of  Perinatal  Imprinting 
on  Adult  Carcinogenesis 


Mutagenesis  and  Carcinogenesis 


Cell  Cycle  Related  DNA  Repair 
Mechanisms 


Hydroxyl amine  Rearrangements 
and  Carcinogenesis 


Carcinogen  Testing:  A  Mouse 
Lymphoma  Mutation  System 


Hydroxamic  Acid  Production 
in  Microbial  Ecosystems 


Suicide  Substrates:  Cancer 
and  Endocrine  Applications 


DNA  Repair  and  Chemical 
Carcinogenesi  s 


13C-Enriched  Chemical 
Carcinogens 
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DE  SOMBRE,  Eugene  R. 
University  of  Chicago 
5  ROl  CA21525-03 

DI  MAYORCA,  Giampiero 

College  of  Medicine  and  Dentistry 

of  New  Jersey 

2  ROl  CA25013-03 

DUKER,  Nahum  J. 
Temple  University 
5  ROl  CA24103-03 

DULBECCO,  Renato 

Salk  Institute  for  Biological  Studies 

5  ROl  CA21993-03 

EBEL,  Richard  E. 

Virginia  Polytechnic  Institute  and 

State  University 

5  R23  CA24364-03 

EISENSTADT,  Eric 
Harvard  University 

1  ROl  CA261 35-01 

EVANS,  Helen  H. 

Case  Western  Reserve  University 

5  ROl  CA23427-03 

FAHL,  William  E. 
Northwestern  University 
5  ROl  CA251 89-02 

FARBER,  Emmanuel 
University  of  Toronto 

2  ROl  CA21 157-04 

FARBER,  Emmanuel 
University  of  Toronto 
5  ROl  CA25094-02 

FARBER,  John  L. 
Temple  University 
5  ROl  CAl 2073-08 

FELDBERG,  Ross  S. 
Tufts  University 
2  ROl  CAl 941 9-04 


Studies  of  Mammary  Tumor 
Peroxidase 


Molecular  Mechanism  of  Chemical 
Carcinogenesis 


Pathology  of  Repair  of 
Carcinogenic  DNA  Damage 


Normal  and  Neoplastic  Develop- 
ment of  the  Mammary  Gland 


Membrane  Control  of  Microsomal 
Cytochrome  P-450 


Mutagenic  Specificity  of 
Environmental  Carcinogens 


Radiation  Induced  Mutagenesis 
and  Carcinogenesis 


Hydrocarbon  Carcinogenesis  in 
Mouse  and  Human  Cells 


Pathogenesis  of  Liver  Cancer 
Induced  by  Chemicals 


A  Short  Term  In  Vivo  Assay  for 
Carcinogens 


Chromatin  in  Normal  and 
Pathological  Liver  Cells 


Nature  and  Repair  of  a  New 
Form  of  DNA  Damage 
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FINK,  Gerald  R. 

Cornell  University  Ithaca 

5  ROl  CA23441-03 


Chemical  Carcinogens  and  Frame- 
Shift  Mutation  in  Yeast 


FLETCHER,  T.  Lloyd 
Fred  Hutchinson  Cancer 
Research  Center 
5  ROl  CAl 9279-03 


Approaches  to  Chemical 
Carcinogenesis  Mechanisms 


FRAENKEL-CONRAT,  Beatrice 
University  of  California  Berkeley 
5  ROl  CA12316-10 


Alkylation  of  Polynucleotides 
In  Vitro  and  In  Vivo 


FRIEDBERG,  Errol  C. 
Stanford  University 
5  ROl  CAl 2428-10 


DNA  Repair  and  Its  Relation- 
ship to  Carcinogenesis 


GANS,  Joseph  H. 
University  of  Vermont  and 
State  Agriculture  College 
5  ROl  CA21863-03 


Adaptation  to  Chemical  Injury 


GARRO,  Anthony  J. 

Mount  Sinai  School  of  Medicine 

5  ROl  CA22354-03 


Detecting  Alkyl  Halide  Muta- 
genicity with  Isolated  DNA 


GEACINTOV,  Nicholas  E, 
New  York  University 
5  ROl  CA20851-03 


Characterization  of  Carcinogen- 
Nucleic  Acid  Complexes 


GESSNER,  TERESA 

Roswell  Park  Memorial  Institute 

5  ROl  CA241 27-03 


Conjugations  and  Carcinogen 
Metabolism 


GLASER,  Donald  A. 

University  of  California  Berkeley 

1  ROl  CA25677-01 


Carcinogen  Activation  and 
Screening  in  Variant  Cells 


GLUSKER,  Jenny  P. 

Institute  for  Cancer  Research 

5  ROl  CA10925-31 


Application  of  Crystal lographic 
Techniques 


GOLDTHWAIT,  David  A. 

Case  Western  Reserve  University 

1  ROl  CA27528-01 


Chemical  Carcinogenesis  and 
DNA  Repair 


GOLDTHWAIT,  David  A. 

Case  Western  Reserve  University 

5  ROl  CA11322-10 


Nucleic  Acid  Function  in 
Relation  to  Cancer 
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GOLDTHWAIT,  David  A. 

Case  Western  Reserve  University 

5  ROl  CAT  8747-05 

GOODMAN,  Jay  I. 

Michigan  State  University 

5  ROl  CAT  3344-07 

GRIBBLE,  Gordon  W. 
Dartmouth  College 
1  ROl  CA24422-01 

GRIBBLE,  Gordon  W. 
Dartmouth  College 
5  ROl  CA24422-02 

GRIFFIN,  Martin  J. 

Oklahoma  Medical  Research  Foundation 

5  ROl  CA24459-02 

GRISHAM,  Joe  W. 

University  of  North  Carolina 

Chapel  Hill 

5  ROl  CA241 44-03 

GUDAS,  Lorraine  J. 

Sidney  Farber  Cancer  Institute 

1  ROl  CA27953-01 

HALL,  Peter  F. 

University  of  California  Irvine 

2  ROl   CAl 4638-07 

HANKINSON,  Oliver 

University  of  California  Los  Angeles 

7  ROl  CA28868-01 

HANNA,  Patrick  E. 
University  of  Minnesota  of 
Minneapolis-St.  Paul 
5  ROl  CA21659-03 

HANNA,  Patrick  E. 
University  of  Minnesota  of 
Minneapolis-St.  Paul 
5  ROl  CA24427-03 

HARD,  Gordon  C. 
Temple  University 
5  ROl  CA  24216-02 


Repair  of  X-Irradiated  DNA  in 
Normal  and  Cancer  Cells 


Repair  Synthesis  of  DNA  in 
Precancerous  Rat  Liver 


Fluorinated  Benzanthracene 
Synthesis  and  Screening 

Fluorinated  Benzanthracene 
Synthesis  and  Screening 


Role  of  Epoxide  Hydrase  in 
Chemical  Carcinogenesis 


Toxicity  in  DNA  Repair 
Deficient  and  Proficient  Cells 


Genetics/DNA  Precursor  Metabolism. 
Mutagenesis,  Repair 


An  Adrenal  Tumor:  Cytochrome 
P-450  and  Steroidogenesis 


Carcinogen  Activation  and 
Screening  in  Variant  Cells 


Carcinogen  Activation  Via 
Acyl  Transfer 


Bioactivation  of  Arylhydroxamic 
Acids:  SAR  Studies 


Experimental  Pathology  of 
Renal  Carcinogenesis 
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HARRINGTON,  George  W. 
Temple  University 
2  ROl  CA18618-06 

HARTMAN,  Philip  E. 
Johns  Hopkins  University 
5  ROl  CA26328-02 

HARVEY,  Ronald  G. 
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SUMMARY  REPORT 
•  RESEARCH  RESOURCES 

The  development  and  distribution  of  a  variety  of  resources  relevant  to  chem- 
ical carcinogenesis  are  supported  under  the  category  of  Research  Resources. 
Included  are  chemical,  animal,  and  equipment  resources  which  are  distributed 
to  eligible  cancer  research  programs  throughout  the  world. 

The  Chemical  Carcinogen  Standard  Reference  Repository  is  operated  under  con- 
tract by  IIT  Research  Institute  (NOl-CP-55646) .  This  facility  provides  safe 
storage,  repackaging,  and  distribution  of  chemical  reference  compounds  used 
in  cancer  research.  In  the  last  year,  nearly  3000  samples  were  distributed 
to  laboratories  around  the  world  from  an  inventory  which  includes  approxi- 
mately 500  compounds.  Property  data  sheets  supplied  with  the  samples  include 
physical  and  chemical  properties,  hazard  information,  and  recommendations  for 
emergency  action  and  disposal. 

Many  of  the  chemicals  in  the  inventory  are  surplus  stocks  transferred  from 
the  Carcinogenesis  Testing  Program  which  are  reanalyzed  for  composition  prior 
to  placement  in  the  Repository. 

Most  of  the  remaining  chemicals  in  the  inventory  are  obtained  from  synthesis 
programs  supporting  the  Repository  under  resource  contracts.  Under  a  Basic 
Ordering  Agreement  are  seven  contractors  who  have  the  ability  to  prepare 
needed  compounds  on  a  task  order  basis.  Those  contractors  include:  IIT 
Research  Institute  (NOl -CP-85945) ,  Inveresk  Research  International  (NOl-CP- 
85639),  Midwest  Research  Institute  (NOl-CP-33387) ,  New  England  Nuclear  Corpo- 
ration (NOl-CP-75937),  Research  Triangle  Institute  (NOl-CP-85634) ,  Southern 
Research  Institute  (NOl-CP-85637) ,  and  SRI  International  (NOl-CP-85600) . 
These  contractors  have  prepared  compounds  which  are  not  available  commercially. 
Compound  classes  such  as  aromatic  amines,  polynuclear  aromatic  hydrocarbons, 
and  nitrosamines  have  been  included. 

The  objective  for  two  other  contractors  contributing  to  the  program  has  been 
the  synthesis  of  metabolites  and  related  derivatives  of  carcinogenic  poly- 
cyclic  aromatic  hydrocarbons.  These  authentic  standard  compounds  are  of 
special  value  in  studying  enzymatic  pathways  in  the  metabolic  activation  and 
detoxification  of  polycyclic  hydrocarbons.  Work  at  the  University  of  Chicago 
(NOl-CP-33385)  has  recently  been  directed  principally  to  syntheses  of  oxidized 
metabolites  of  chrysene,  7-methylbenz[a]anthracene,  dibenz[a,h]anthracene, 
benzo[e]pyrene,  dibenz[a,c]anthracene  and  3-methylcholanthrene.  At  Midwest 
Research  Institute  (NOl-CP-33387)  23  new  polycyclic  hydrocarbon  derivatives 
have  been  prepared  including  derivatives  of  cyclopentena[c,d]pyrenes,  benzo- 
[ajpyrene,  chrysene  and  conjugates  of  benzo[a]pyrene,  benzla]anthracene,  and 
dimethyl benz[a]anthracene.  Thirty-two  other  compounds  have  been  continuously 
resupplied  to  the  Repository.  Midwest  Research  Institute  also  serves  as  a 
repository  for  over  twenty-five  ^H,  ^'+0,  and  I'+C-labeled  analogs  of  a  variety 
of  polycyclic  aromatic  hydrocarbon  metabolites. 
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Hetero-substituted  polyaromatic  hydrocarbon  synthesis  has  been  the  focus  of 
a  contract  group  at  SRI  International  (NOl-CP-85612) .  A  series  of  nitrogen, 
sulfur,  and  oxygen  hetero-substituted  polyaromatic  compounds  that  are 
potential  carcinogens  and  that  either  have  been  identified  as  constituents 
of  pollution  or  are  analogs  of  known  polycyclic  aromatic  hydrocarbons  that 
do  occur  as  pollutants  and  are  carcinogenic  are  being  synthesized.  The 
study  of  these  compounds  should  be  an  aid  in  assessing  the  potential  harm  to 
man,  animals,  and  the  environment  resulting  from  airborne  emissions  from 
power  plants  that  will  be  burning  increasing  amounts  of  coal. 

Polychlorinated  dibenzo-p-dioxins  and  dibenzofurans  are  being  prepared  at 
IIT  Research  Institute  (NOl-CP-85945).  Several  hepta-  and  hexachlorodibenzo- 
p-dioxins  have  been  prepared,  purified,  and  characterized.  Certain  of  these 
compounds  have  been  shown  to  be  highly  toxic  and/or  carcinogenic  trace  con- 
taminants of  the  environment.  These  compounds  have  been  detected  and 
identified  in  manufactured  polychlorophenols  and  thus  have  appeared  in  a 
variety  of  derived  industrial  products,  notably  pesticides  and  polychlorobi- 
phenyls.  The  FDA  is  assisting  in  the  support  of  this  contract  through  an 
Interagency  Agreement  with  NCI.  The  availability  of  authentic  standards 
will  be  an  important  part  of  monitoring  for  these  toxic  chemicals. 

At  present,  the  CPCB  is  developing  a  new  animal  resource  which  will  provide 
aged  ACI  rats" (ACI/segHapBR)  for  studies  on  prostatic  carcinoma.  This  strain 
and  the  Sprague  Dawley  rat  are  being  evaluated  for  their  efficacy  as  a  model 
for  the  study  of  spontaneous  prostate  carcinoma  at  Harlan  Industries,  Inc. 
(NOl-CP-55647).  All  evidence  to  date  indicates  that  the  ACI  strain  survival 
is  significantly  greater  than  that  of  the  Sprague  Dawley  stock  which  evidences 
severe  mortality  beginning  at  22  months  of  age.  ACI  rats  24-40  months  of  age 
have  been  reviewed  histologically  and  the  genesis  of  prostatic  carcinoma 
studied.  It  was  found  that  at  24  months  of  age,  35-45%  of  the  rats  had  early 
lesions  of  intraalveolar  atypical  hyperplasia.   By  33  months,  95-100%  of 
the  rats  had  prostatic  tumors.  There  was  no  difference  between  the  incidence 
of  these  tumors  in  virgin  or  breeder  rats.  These  animals  will  be  available 
to  the  research  community  for  studies  on  this  age-linked  cancer  in  the  coming 
year. 

Ten  Thermal  Energy  Analyzers  (TEA)  have  been  placed  under  loan  agreements  in 
laboratories  around  the  world.  The  instruments,  which  are  very  sensitive, 
selective  analyzers  for  N-nitrosamines,  were  developed  in  part  under  contract 
to  NCI  by  the  Thermo-Electron  Corporation  (Waltham,  Mass.).  The  ten  instru- 
ments were  purchased  in  1975  and  a  loan  program  initiated  to  stimulate 
research  and  collaboration  on  the  environmental  and  occupational  occurrence 
of  N-nitroso  compounds.  The  major  emphasis  has  been  on  determining  the 
incidence  of  these  compounds  in  products  for  human  consumption.  This  has 
involved  inter-laboratory  comparisons  of  analysis  of  the  various  samples. 
The  recipients  involved  have  used  these  instruments  with  gas  chromatographic 
and  with  high  pressure  liquid  chromatographic  equipment  in  making  a  variety 
of  important  discoveries  concerning  environmental  distribution  of  N-nitroso 
compounds.  These  discoveries  have  included  the  detection  of  nitrosamines 
as  normal  constituents  of  human  blood,  as  contaminants  in  beer,  in  flame 
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retardants,  hydraulic  fluids,  machine  cutting  and  grinding  fluids,  in 
deionized  water,  and  in  the  occupational  environments  of  leather  and  rubber 
workers.  The  current  location  of  the  ten  instruments  is  as  follows:  Oregon 
State  University  (NOl-CP-85676) ;  U.S.  Department  of  Agriculture,  Agricultural 
Research  Service  (YOl-CP-60211) ;  Laboratory  of  the  Government  Chemist,  London, 
England  (NOl-CP-85679) ;  U.S.  Food  and  Drug  Administration  (NOl-CP-75971 ) ; 
Deutsches  Krebsforschungszentrum  Institute  fur  Toxikologie  und  Chemotherapie, 
Heidelberg,  West  Germany  (NOl-CP-65796) ;  Tallinn  Polytechnical  Institute, 
Estonia,  USSR  (NOl-CP-75975) ;  Massachusetts  Institute  of  Technology  (NOl-CP- 
33315);  Eppley  Institute  (NOl-CP-33278) ;  American  Health  Foundation  (NOl-CP- 
55639);  International  Agency  for  Research  on  Cancer,  Lyon,  France  (NOl-CP- 
45608). 
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CONTRACT  NARRATIVES 
RESEARCH  RESOURCES 

CHICAGO.  UNIVERSITY  OF  (N01-CP-33385) 

Title:  Synthesis  of  Derivatives  of  Carcinogenic  Polycyclic  Hydrocarbons 

Contractor's  Project  Director:  Dr.  Ronald  G.  Harvey 

Project  Officer  (NCI):  Dr.  David  G.  Longfellow 

Objectives:  To  synthesize  metabolites  and  related  derivatives  of  carcinogenic 
Polycyclic  aromatic  hydrocarbons  to  be  made  available  by  NCI  through  the 
Chemical  Repository  to  the  scientific  community  for  in  vivo  and  in  vitro 
studies  of  carcinogenesis,  mutagenesis,  and  related  processes.  These 
authentic  standard  compounds  are  of  special  value  in  studying  enzymatic 
pathways  in  the  metabolic  activation  and  detoxification  of  these  polycyclic 
hydrocarbons,  and  certain  of  these  compounds  are  implicated  as  the  active 
forms  of  these  carcinogens. 

Major  Findings:  The  current  phase  of  this  project  has  been  directed 
principally  to  synthesis  of  the  oxidized  metabolites  of  chrysene,  7-methyl- 
benz[a]anthracene  (7-MBA),  dibenz[a,h]anthracene  (DBA),  benzo[e]pyrene  (BeP), 
dibenz[a,c]anthracene  (DBa,cA),  and  3-methylcholanthrene  (3-MC).  In  view  of 
the  increasing  evidence  implicating  bay  region  dihydrodiols  and  diolepoxides 
as  the  proximate  and  ultimate  carcinogenic  forms,  respectively,  of  polycyclic 
hydrocarbons,  synthesis  of  these  metabolites  has  been  assigned  highest  priority. 
Since  the  related  phenols  and  other  derivatives  required  for  metabolic  studies 
are  frequently  synthetic  intermediates  or  readily  obtainable  by  modification 
of  those  syntheses,  methods  for  their  preparation  have  been  also  concurrently 
developed  in  most  cases. 

In  the  chrysene  series,  synthesis  of  the  1,2-  and  3,4-trans-dihydrodiols  has 
been  achieved  via  a  convenient  novel  synthetic  route  from  chrysene.  Epoxi- 
dation  of  the  1 ,2-dihydrodiol  furnished  stereospecifically  trans-1 ,2-dihydroxy- 
anti -3 ,4-epoxy-l ,2 ,3 ,4-tetrahydrochrysene ,  implicated  as  the  ultimate  carcino- 
genic metabolite  of  chrysene.  Analogous  reaction  of  the  3,4-dihydrodiol  gave 
a  mixture  of  anti  and  syn  diolepoxides.  While  these  isomers  could  not 
previously  be  separated  due  to  the  facility  of  their  decomposition,  separation 
has  recently  been  achieved  by  preparative  HPLC.  Synthesis  of  the  1-,  2-,  3-, 
and  4-phenols  has  also  been  achieved.  Since  syntheses  of  the  K-region 
metabolites  has  already  been  completed,  synthesis  of  all  the  required  chrysene 
derivatives,  except  5-hydroxychrysene  has  now  been  completed. 
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In  the  BeP  series,  efficient  separation  of  the  mixture  of  anti  and  syn  bay 
region  diolepoxides  obtained  synthetically  has  now  been  achieved  by  preparative 
HPLC.  Syntheses  of  five  of  the  six  possible  isomeric  phenols  of  BeP  (1-,  3-, 
4-,  9-,  and  10-HO-BeP)  have  "been  completed.  Synthesis  of  all  the  potential 
metabolites  of  BeP  sought,  except  2-HO-BeP  and  the  1 ,2-dihydrodiol ,  have  now 
been  accomplished. 

In  the  DBA  series,  synthesis  of  the  trans-1 ,2-  and  3,4-dihydrodiols  and  the 
corresponding  diolepoxide  derivatives  and  2-  and  3-hydroxy-DBA  have  been 
successfully  accomplished.  Full  details  are  presented  in  a  recent  paper. 
Preparation  of  all  the  required  DBA  derivatives,  except  1-  and  4-hydroxy-DBA, 
has  now  been  completed. 

In  the  7-MBA  series,  synthesis  of  the  biologically  important  1,2-  and  3,4- 
dihydrodiols  and  the  corresponding  diolepoxides  and  2-  and  3-hydroxy-7-MBA 
were  accomplished  by  novel  synthetic  routes  full  details  of  which  have  recently 
been  published. 

In  the  DBa,cA  series,  synthesis  of  the  terminal  ring  10,11 -dihydrodiol  and  the 
corresponding  anti_-diol epoxide  and  10-  and  n-HO-DBa,cA  have  been  accomplished 
on  preparative  scale.  Attempts  to  prepare  the  bay  region  dihydrodiols  by 
adaptation. of  methods  utilized  to  synthesize  the  analogous  derivatives  of  BA 
and  DBA  were  unsuccessful.  An  alternative  approach  utilizing  a  novel  annel- 
ation  reaction  is  currently  under  investigation. 

In  related  chemical  studies,  efficient  methods  were  developed  for: 

(1)  the  reduction  of  polycyclic  quinones  directly  to  fully  aromatic  hydrocarbons 
with  hydriodic  acid  in  acetic  acid. 

(2)  reductive  methylation  of  polycyclic  quinones  through  addition  of  methyl - 
lithium  followed  by  reduction  to  the  dimethylarene  with  hydriodic  acid.  BA, 
DBa,cA,  DMBA,  5,6-dimethylchrysene,  4,5-dimethylbenzo[a]pyrene,  and  other 
hydrocarbons  required  for  carcinogenesis  research  are  most  efficiently  synthe- 
sized by  this  new  general  method.  Pure  samples  of  BA  (50  g)  and  DBa,cA  (10  g) 
prepared  by  method  (1)  were  submitted  to  the  Repository. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Recent  evidence  further  reinforces  the  theory  that  metabolic  activation  is 
essential  to  the  carcinogenic  activity  of  the  polycyclic  aromatic  hydrocarbons. 
Specifically,  the  (+) -anti -diolepoxide  of  BP,  synthesized  previously  under 
this  program,  has  been  shown  to  be  exceptionally  mutagenic,  carcinogenic,  and 
to  be  the  principal  metabolite  of  BP  bound  in  vivo  to  the  DNA  of  mouse,  bovine, 
and  human  cells.  The  analogous  diolepoxide  derivatives  of  BA,  DBA,  BeP,  7-MBA, 
DMBA,  and  chrysene,  now  obtained  synthetically,  are  strongly  implicated  as  the 
ultimate  carcinogenic  forms  of  these  hydrocarbons.  The  metabolites  synthesized 
under  this  program  are  furnished  to  the  Chemical  Repository  for  distribution 
to  qualified  investigators.  Due  to  the  complexity  of  the  multistep  syntheses 
and  the  relative  chemical  instability  of  many  of  the  intermediates,  synthesis 
of  these  compounds  would  be  virtually  impossible  for  biomedical  investigators 
lacking  specialized  synthetic  experience.  As  a  direct  result  of  this  program, 
carcinogenesis  research  is  feasible  which  could  not  otherwise  be  carried  out. 
In  particular,  the  availability  of  authentic  standard  compounds  permits 


1588 


elucidation  of  the  detailed  metabolic  pathways  of  activation,  detoxification, 
and  nucleic  acid  interaction  of  carcinogenic  hydrocarbons.  Once  the  specific 
steps  in  the  process  of  tumori genesis  are  understood,  it  should  become 
possible  to  more  accurately- predict  carcinogenic  activities  and  devise  methods 
to  block  or  reverse  the  process  at  one  or  more  stages.  This  is  one  of  the 
most  rapidly  developing  areas  of  current  carcinogenesis  research. 

Proposed  Course:  In  the  remaining  period  of  this  contract,  priority  will  be 
given  to  preparation  on  sufficient  scale  for  submission  to  the  Repository  of 
the  compounds  most  urgently  required  for  carcinogenesis  research,  particularly 
the  dihydrodiols  and  diolepoxides  for  which  satisfactory  synthesis  have  been 
devised. 

Date  Contract  Initiated:  June  20,  1973 

Current  Annual  Level :  0 

GEORGIA,  UNIVERSITY  OF  (NOl -CP-85663) 

Title:  Encapsulation  of  Retinoids  for  Administration  in  Laboratory  Diets 

Contractor's  Project  Director:  Dr.  James  C.  Price 

Project  Officer  (NCI):  Dr.  Carl  E.  Smith 

Objectives: 

1.  Develop  encapsulation  procedures  for  retinoid  compounds  using  the  three- 
phase  suspension  method  and  gelatin  as  the  encapsulating  agent. 

2.  Perform  bioavailability  studies  of  retinoid  compounds  to  obtain  mean  and 
individual  plasma  level -time  profiles  after  a  single  oral  dose  of  each  retinoid 
of  the  following  formulations: 

(a)  The  reference  dose  in  solution  or  suspension. 

(b)  The  encapsulated  retinoid  in  suspension. 

(c)  The  encapsulated  retinoid  in  a  standard  diet. 

3.  Determine  the  single  dose  blood  levels  using  HPLC  procedures. 

4.  Determine  stabilities  of  encapsulated  retinoids  in  standard  rat  feed  under 
ambient  environment  conditions,  including  elevated  temperatures. 

Major  Findings:  A  successful  method  has  been  developed  to  encapsulate 
retinoid  compounds  in  a  bioavailable  system  containing  gelatin  and  dextrose  as 
the  encapsulating  matrix.  The  encapsulated  retinoids  are  protected  from 
oxidation  and  degradation  so  that  long-term  feeding  studies  are  possible  with- 
out fear  of  deterioration  of  the  retinoid  and  consequent  questionable  or 
ambiguous  results. 

Investigation  of  factors  influencing  the  encapsulation  process  showed  that 
particle  size  of  the  microcapsules  were  related  to  both  the  viscosity  of  the 
gelatin-dextrose  melt  and  the  rate  of  agitation  during  processing.  It  was 
found  that  retinoid  loss  during  processing  could  be  minimized  by  the  addition 
of  small  quantities  of  antioxidants  such  as  butylated  hydroxytoluene. 
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stability  studies  of  typical  formulations  of  encapsulated  retinyl  acetate 
stored  in  open  containers  at  ambient  temperature  showed  half -lives  up  to  one 
year,  while  elevated  temperatures  of  37°  and  45°  resulted  in  half-lives  of 
about  three  months  and  one  month,  respectively. 

An  assay  procedure  for  biological  samples  has  been  developed  using  high 
pressure  liquid  chromatography.  Pharmacokinetic  studies  of  retinoic  acid 
given  orally  and  intravenously  to  rats  have  shown  first  order  elimination  with 
a  biological  half-life  averaging  0.9  hour.  Peak  serum  levels  of  retinoic  acid 
in  orally  dosed  rats  occurred  approximately  two  hours  after  dosing  of  the 
retinoid. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Retinoid  compounds  must  be  protected  from  air,  light,  and  moisture  to  prevent 
rapid  deterioration.  Encapsulation  will  allow  long  term  feeding  studies  to  be 
conducted  without  fear  of  misleading  or  ambiguous  results  caused  by  the 
deterioration  of  the  retinoids.  Pharmacokinetic  information  about  the 
retinoids  will  make  it  possible  to  better  relate  observed  pharmacologic 
effects  to  the  dose  given.  Improved  assay  procedures  developed  out  of  this 
research  will  facilitate  future  studies  of  the  compounds. 

Proposed  Course:  Future  work  on  this  contract  will  include  the  following: 

1.  Encapsulation  of  various  retinoids. 

2.  Stability  studies  on  the  encapsulated  retinoids. 

3.  Bioavailability  studies  on  encapsulated  retinoids. 

4.  Blood  level  studies  of  dosed  retinoids. 

Further  work  on  improvement  of  assay  procedures  is  anticipated,  and  some 
modification  of  the  encapsulation  procedures  may  be  necessary  to  accommodate 
retinoids  of  different  physical  characteristics.  Some  development  of  the 
dosage  form  to  improve  bioavailability  of  the  retinoids  is  also  anticipated. 

Date  Contract  Initiated:  September  30,  1978 

Current  Annual  Level:  $36,200 

HARLAN  INDUSTRIES,  INC.  (NO! -CP-55647) 

Title:  Development  of  Colonies  of  Aged  Rats 

Contractor's  Project  Director:  Mr.  Hal  P.  Harlan 

Project  Officer(s)  (NCI):  Dr.  David  G.  Longfellow 

Mr.  Clarence  Reeder 

Objectives:  To  breed  and  age  inbred  ACI  rats  obtained  originally  from  the 
Alton  Ochsner  Medical  Foundation  and  Sprague  Dawley  random  bred  rats  from 
the  NIH  colony.  Males  of  both  species  are  maintained  in  a  barrier  facility 
for  aging  purposes.  These  strains  are  being  evaluated  for  their  efficacy  as 
a  model  for  the  study  of  spontaneous  prostate  carcinoma. 
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Major  Findings:  The  project  has  progressed  well.  Late  in  1979,  201  male 
virgin  and  breeder  ACI  rats  24-40  months  of  age  from  this  colony  holding  were 
reviewed  histologically  and, the  genesis  of  prostatic  carcinoma  studied.  It 
was  found  that  at  24  months  of  age,  35-45%  of  the  rats  had  the  earliest 
lesions  of  intraalveolar  atypical  hyperplasia.   These  lesions  progressed  to 
intraalveolar  carcinomas  which  spread  among  alveoli  and  ducts.  Larger  tumors 
were  nodular  and  invaded  the  capsule  or  adjacent  tissues.  By  33  months,  95- 
100%  of  the  rats  had  prostatic  tumors.  There  was  no  difference  between  the 
incidence  of  these  tumors  in  virgins  or  breeder  rats.  The  ACI  rat  was  found 
to  be  a  unique  model  for  studying  the  etiology  and  pathogenesis  of  natural1y_ 
occurring  prostatic  cancer.  These  findings  have  been  submitted  for  publication. 
In  March  of  1980,  95  aged  Sprague  Dawley  rats  were  shipped  to  E.P.L.  Labora- 
tories for  necropsy  and  histological  preparation.  These  rats  will  serve  as 
a  comparative  environmental  group  for  the  studies  performed  on  the  ACI  rat. 

All  evidence  to  date  indicates  that  the  ACI  strain  survival  is  significantly 
greater  than  that  of  the  Sprague  Dawley  stock  which  evidences  severe  mortality 
beginning  at  22  months  of  age.  Further  the  ACI  strain  has  a  longer  reproductive 
life  than  the  Sprague  Dawley  rats  in  spite  of  the  fact  that  it  does  manifest 
a  high  incidence  of  prostatic  tumors. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  ACI  rat  is  a  unique  model  for  studying  the  etiology  and  pathogenesis  of 

naturally  occurring  prostatic  cancer. 

Future  Course:  To  insure  a  continuing  supply  of  aged  rats  to  the  research 
community  as  an  animal  model  for  studying  the  etiology  and  pathogenesis  of 
naturally  occurring  prostatic  cancers.  The  Sprague  Dawley  colony  will  be 
discontinued  during  the  next  fiscal  year. 

Date  Contract  Initiated:  June  30,  1975 

Current  Annual  Level:  $200,000 

IIT  RESEARCH  INSTITUTE  (N01 -CP-55646) 

Title:  Chemical  Repository 

Contractor's  Project  Director:  Dr.  James  N.  Keith 

Project  Officer  (NCI) :  Dr.  David  G.  Longfellow 

Objectives:  To  establish  a  facility  for  the  safe  storage,  repackaging,  and 
distribution  of  potential  carcinogens  for  use  in  cancer  research. 

Major  Findings:  The  Chemical  Repository  has  completed  its  fourth  full  year 
of  operation.  During  1979,  nearly  3000  samples  were  distributed  per  year  to 
laboratories  designated  by  the  Project  Officer,  a  substantial  increase  from 
the  2000  per  year  during  1977  and  1978.  The  stocks  have  grown  from  74  com- 
pounds at  the  initiation  of  the  program  to  487  as  of  the  end  of  1979.  Many 
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of  these  are  chemicals  transferred  from  surplus  stocks  of  the  Bioassay  Program 
and  nearly  all  of  the  rest  are  obtained  from  various  NCI  synthesis  programs. 
The  repository  continued  to  supply  coded  samples  to  designated  contractors 
participating  in  the  mutagenicity-carcinogenicity  double-blind  study  being 
conducted  under  the  In  Vitro  Program  of  the  Carcinogenesis  Testing  Program. 

Since  the  latter  part  of  1978,  the  repository  has  been  supplying  analytical 
standards  of  several  nitrosamines  for  use  by  laboratories  participating  in 
the  USDA-FSQS  Recognized  Laboratory  Program  for  Nitrosamine  Analysis. 

Numerous  letter  and  telephone  requests  are  answered  on  safe  handling  procedures, 
and  specific  properties  of  chemicals.  Visitors  interested  in  carcinogen  safety 
procedures  are  given  tours  of  the  facilities.  Property  data  sheets  supplied 
with  the  samples  include  physical  and  chemicaJ  properties,  hazard  information, 
recommendations  for  emergency  action  and  disposal. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Besides  the  need  for  effective  coordination  of  information  flow,  the  carcino- 
genesis research  community  has  a  pressing  need  for  a  centralized  source  of 
well -documented  reference  compounds.  To  this  end,  a  chemical  repository  for 
the  safe  storage,  repackaging,  and  distribution  of  samples  for  the  Carcino- 
genesis Program  has  been  established.  This  facility,  designed  and  operated 
in  conformance  with  OSHA  and  EPA  regulations  and  the  DHEW  guidelines,  receives 
material  from  suppliers,  repackages  as  required  for  the  users,  and  ships 
samples  with  analytical  documentation  and  safe  handling  protocols. 

Proposed  Course:  The  Repository  has  become  a  useful  distribution  center  for 
chemicals  not  commercially  available,  and  performs  a  number  of  other  service 
functions  as  well.  Support  activities  will  continue  throughout  the  five-year 
contract. 

Date  Contract  Initiated:  June  29,  1975 

Current  Annual  Level :   0 

IIT  RESEARCH  INSTITUTE  (BOA)  (NOl -CP-85635)   ■ 

Title:  Synthesis  of  Chemical  Carcinogens 

Contractor's  Project  Director:  Dr.  John  T.  Uchic 

Project  Officer  (NCI):  Dr.  David  G.  Longfellow 

Objectives:  To  synthesize,  purify,  and  thoroughly  characterize  designated 
chemicals  required  for  research  on  chemical  carcinogenesis.  The  objectives 
are  designed  to  serve  a  dual  purpose: 

1.  To  provide  the  carcinogenesis  program  with  chemicals  that  are  unavailable 
from  other  sources. 

2.  To  provide  well -characterized  reference  samples  to  investigators  to 
eliminate  variability  in  experimental  results  that  might  be  caused  by  impurities 
in  inadequately  analyzed  specimens  from  various  sources. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  availability  of  well -characterized  specimens  of  carcinogens,  carcinogen 
metabolites,  and  potential  carcinogens  is  essential  to  research  on  chemical 
carcinogenesis  to  assure  that  the  results  of  biological  and  biochemical 
studies  are  not  influenced  by  contaminants.  Without  the  availability  of  such 
chemicals  to  researchers,  much  of  the  work  to  achieve  the  goals  of  the  program 
would  be  more  difficult,  less  definitive,  or  simply  impossible. 

Proposed  Course:  Compounds  requested  by  the  NCI  for  the  Carcinogenesis 
Program  will  be  synthesized,  purified,  fully  characterized,  and  sent  to  the 
Chemical  Repository. 

Date  Contract  Initiated:  April  28,  1978 

Current  Annual  Level :   0 

I  IT  RESEARCH  INSTITUTE  (NOl-CP-85945) 

Title:  Synthesis  of  Polychlorinated  Dibenzo-p-dioxins  and  Dibenzofurans 

Contractor's  Project  Director:  Dr.  John  T.  Uchic 

Project  Officer  (NCI):  Dr.  David  G.  Longfellow 

Objectives:  To  provide  for  the  synthesis,  purification,  and  characterization 
of  various  polychlorinated  dibenzo-p-dioxins  and  polychlorinated  dibenzofurans, 
and  to  make  these  compounds  available  to  the  NCI  Chemical  Carcinogen  Repository 
for  distribution  and  storage. 

Major  Findings:  Several  hexachlorodibenzo-p-dioxins  have  been  prepared, 
purified,  and  characterized.  These  include  1 ,2,3,6,7,8-hexachlorodibenzo-p- 
dioxin,  1 ,2,3,7,8,9-hexachlorodibenzo-p-dioxin,  and  1,2,3,6,7,9  (or  1,2,3,6, 
8,9)-hexachloroclibenzo-p-dioxin.  The  preparation  of  1 ,2,3,4,6,7,9-heptachloro- 
dibenzo-p-dioxin  is  in  progress. 

Reaction  of  3,4,5-trichlorocatechol  with  2,3,4,5-tetrachloronitrobenzene  in 
the  presence  of  potassium  carbonate  led  to  a  mixture  of  1,2,3,6,7,8-  and  1,2, 
3,7,8,9-hexachlorodibenzo-p-dioxin.  The  isomeric  products  were  separated  by 
repeated  recrystallization  from  cholorform,  analyzed  for  purity  by  gc  and/or 
hplc,  and  characterized  by  their  ir,  uv,  and  nmr  spectra  as  well  as  micro- 
analysis. In  a  similar  fashion,  the  reaction  of  3,4,5-trichlorocatechol  with 
2,3,5,6-tetrachloronitrobenzene  afforded  a  mixture  of  1,2,3,6,7,9-  and  1,2,3, 
6,8,9-hexachlorodibenzo-p-dioxin.  These  isomers  have  proven  to  be  more 
difficult  to  separate. 

The  analogous  reaction  of  tetrachlorocatechol  and  2,3,5,6-tetrachloronitro- 
benzene  in  the  presence  of  potassium  carbonate  afforded  a  very   low  yield  of 
the  desired  1 ,2,3,4,6,7,9-heptachlorodibenzo-p-dioxin.  For  this  reason,  an 
alternate  route  was  devised  starting  with  1 ,4-dinitro-2,3,5,6-tetrachloro- 
benzene  and  tetrachlorocatechol.  The  resultant  nitroheptachlorodibenzo-p- 
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dioxin  was  allowed  to  react  with  zinc/hydrochloric  acid  to  yield  the  corre- 
sponding aminoheptachlorodibenzo-p-dioxin.  Studies  are  currently  in  progress 
to  remove  the  amino  group  via  diazotization  and  replace  it  with  hydrogen  to 
produce  the  desired  heptachlorodibenzo-p-dioxin. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Certain  polychlorinated  dibenzo-p-dioxins  and  dibenzofurans  have  been  shown 
to  be  highly  toxic  and/or  carcinogenic  trace  contaminants  of  the  environment. 
These  compounds  have  been  detected  and  identified  in  manufactured  polychloro- 
phenols  and  thus  have  appeared  in  a  variety  of  derived  industrial  products, 
notably  pesticides  and  polychlorobiphenyls.  It  is  therefore  not  surprising 
that  they  have  become  widely  distributed  in  the  environment. 

In  support  of  its  primary  role  of  preventing  cancer  in  man,  the  Carcinogenesis 
Program  is  committed  to  identifying  carcinogenic  substances  to  which  humans 
may  be  exposed  and  to  elucidating  the  mechanisms  by  which  such  substances 
induce  cancer.  To  advance  these  objectives,  supplies  of  well -characterized 
reference  compounds  are  needed  for  cancer  researchers.  The  polychlorinated 
dibenzo-p-dioxins  prepared  under  this  contract  serves  this  need.  In  addition, 
the  availability  of  uniform  samples  eliminates  one  possible  source  of 
variability  in  biological  test  results. 

Proposed  Course:  To  continue  with  the  synthesis  of  other  chlorinated  dibenzo- 
p-dioxins  and  dibenzofurans  as  directed  by  the  Project  Officer. 

Date  Contract  Initiated:  September  30,  1978 

Current  Annual  Level :   0 

INVERESK  RESEARCH  INTERNATIONAL  (BOA)  (N01 -CP-85639) 

Title:  Synthesis  of  Chemical  Carcinogens 

Contractor's  Project  Director:  Dr.  Margaret  S.  Henderson 

Project  Officer  (NCI):  Dr.  David  G.  Longfellow 

Objectives:  To  synthesize,  purify,  and  thoroughly  characterize  designated 
chemicals  required  for  research  on  chemical  carcinogenesis.  The  objectives 
are  designed  to  serve  a  dual  purpose: 

1.  To  provide  the  carcinogenesis  program  with  chemicals  that  are  unavailable 
from  other  sources. 

2.  To  provide  well -characterized  reference  samples  to  investigators  to 
eliminate  variability  in  experimental  results  that  might  be  caused  by 
impurities  in  inadequately  analyzed  specimens  from  various  sources. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute: 
The  availability  of  well -characterized  specimens  of  carcinogens,  carcinogen 
metabolites,  and  potential  carcinogens  is  essential  to  research  on  chemical 
carcinogenesis  to  assure  that  the  results  of  biological  and  biochemical 
studies  are  not  influenced  by  contaminants.  Without  the  availability  of  such 
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chemicals  to  researchers,  much  of  the  work  to  achieve  the  goals  of  the  Program 
would  be  more  difficult,  less- definitive  or  simply  impossible. 

Proposed  Course:  Compounds' requested  by  the  NCI  for  the  carcinogenesis 
Program  will  be  synthesized,  purified,  fully  characterized,  and  sent  to  the 
Chemical  Repository. 

Date  Contract  Initiated:  April  28,  1978 

Current  Annual  Level :  0 

MIDWEST  RESEARCH  INSTITUTE  (NOl-CP-33387) 

Title:  Synthesis  of  Polycyclic  Hydrocarbon  Derivatives 

Contractor's  Project  Director:  Mr.  James  C.  Wiley,  Jr. 

Project  Officer  (NCI):  Dr.  David  G.  Longfellow 

Objectives:  The  objective  of  this  program  is  the  preparation  of  NCI -selected 
polycyclic  hydrocarbon  derivatives  by  unequivocal  methods  to  produce  adequate 
quantities  of  high  purity  well -characterized  compounds  in  order  to  allow 
investigators  to  identify  products  of  the  biochemical  oxidation  of  carcinogenic 
polynuclear  aromatic  hydrocarbons.  Activities  in  support  of  the  NCI  Chemical 
Repository  include  the  initial  supply  of  known  and/or  suspect  carcinogenic 
metabolites,  maintenance  of  the  inventory  thru  resynthesis,  and  the  operation 
of  a  Radiochemical  Repository  for  isotopically  labeled  derivatives  (3H,  I'+C, 
and  13C).  In  addition,  efforts  are  directed  toward  the  synthesis  of  selected 
polycyclic  hydrocarbon  derivatives  for  the  National  Institute  of  Environmental 
Health  Sciences  via  an  interagency  agreement  with  the  NCI. 

Major  Findings:  During  the  last  year  23  new  polycyclic  hydrocarbon  derivatives 
have  been  prepared,  characterized  and  sent  to  the  NCI  Chemical  Repository. 
These  derivatives  have  included  nitrobenzo[a_]pyrenes,  labeled  and  unlabeled 
cyclopentena[£,d^]pyrenes,  labeled  and  unlabeled  enantiomers  of  dihydrodiol- 
epoxides  of  benzo[aJpyrene,  oxygenated  derivatives  of  chrysene,  and  glucuronide 
and  sulfate  conjugates  of  t3enzo[a]pyrene,  benz[a^]anthracene  and  dimethyl benz- 
[ajanthracene.  The  metabolite  inventory  of  the  NCI  Repository  has  been 
continually  resupplied  by  the  resynthesis  of  32  compounds  previously  prepared 
by  MRI.  These  compounds  include  the  K-region  and  non-K-region  phenols, 
qui  nones,  epoxides,  dihydrodiols,  dihydrodiol epoxides,  and  hydroxyalkyl- 
substituted  derivatives  of  seven  parent  polycyclic  hydrocarbons.  Midwest 
Research  Institute  also  maintains  a  Radiochemical  Repository  for  NCI.  The 
Repository  now  contains  over  twenty-five  ^h,  ^^C,  and  ^3c_]abeled  analogs  of 
a  variety  of  polycyclic  aromatic  hydrocarbon  metabolites.  As  authorized  by 
NCI  small  quantities  of  these  compounds  were  supplied  to  82  investigators  in 
the  U.S.,  Japan,  France,  Canada,  Sweden,  and  England  during  the  last  year. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  elucidation  of  the  relationship  between  the  formation  of  specific  metabo- 
lites of  polycyclic  aromatic  hydrocarbons  and  the  induction  of  cancer  neces- 
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sitates  the  availability  of  authentic  samples  of  probable  metabolites.  It         ^ 
would  be  virtually  impossible  for  a  laboratory  lacking  specific  synthetic  . 

experience  to  synthesize  any  one  of  these  compounds  for  a  particular  experi-       ^ 
ment.  This  contract  allows. the  National  Cancer  Institute  to  provide  compounds 
for  pertinent  experiments  in  chemical  carcinogenesis  which  could  not  be 
carried  out  otherwise. 

Proposed  Course:  Novel  compounds  will  continue  to  be  synthesized  upon  the 
request  of  NCI.  A  major  effort  will  be  devoted  to  the  resynthesis  of  compounds 
for  distribution  via  the  NCI  Repository.  These  will  include  K-region  and  non-K- 
region  derivatives  with  emphasis  on  the  enantiomers  of  non-K-region  dihydrodiols 
and  dihydrodiol -oxide  derivatives  and  conjugates  of  benzo[aJ-pyrene,  benz[a]- 
anthracene  and  dimethyl benz[a^]anthracene.  In  addition,  thd 'syntheses  of 
similar  derivatives  of  other  parent  hydrocarbons  will  continue,  and  it  is  ex- 
pected that  a  concerted  effort  will  be  directed  toward  the  preparation  and 
distribution  of  ^^C-   and  3H-labeled  derivatives  of  high  specific  activity. 

Date  Contract  Initiated:  June  15,  1973 

Current  Annual  Level :   0 


MIDWEST  RESEARCH  INSTITUTE  (NOl -CP-7591 1 ) 

Title:  Synthesis  of  Radioactive  Retinoids  for  Metabolic  and  Pharmacologic 
Studies  Relating  to  Prevention  of  Lung  Cancer  and  Other  Epithelial 
Cancers 

Contractor's  Project  Director:  Dr.  Ping-Lu  Chien 

Project  Officer(s)  NCI:  Dr.  Anita  B.  Roberts 

Dr.  Charles  A.  Frolik 
Dr.  Carl  E.  Smith 

Objectives:  The  objective  of  this  program  is  to  synthesize  NCI-selected 
radioactive  retinoids  for  use  as  tracers  in  metabolic  or  pharmacologic  studies, 
both  in  vivo  and  in  vitro.  The  program  involves  the  preparation  of  different 
retinoids  with  modification  of  the  ring,  side  chain,  or  terminus  and  variations 
in  both  the  radioactive  isotope  (^^C  or  ^H)  and  the  position  of  label 
incorporation. 

Major  Findings:  Three  tritium  labeled  metabolites  of  retinoic  acids  have 
been  synthesized  and  made  available  to  NCI  for  in  vitro  and  in  vivo  studies: 

1.  4-0xo-13-cis-[n -3 H] -retinoic  acid  (60  mCi ,  Sp.  Act.  1.7  Ci/mmole). 

2.  4-Qxo-all-trans-[ll-^H] -retinoic  acid  (100  mCi ,  Sp.  Act.  3.1  Ci/mmole). 

3.  4-Hydroxy-al 1 -trans-[l 1 -^ H]-retinoic  acid  (46  mCi ,  Sp.  Act.  3.1  Ci/mmole). 

Synthesis  of  4-hydroxy-l 3 -cis-[ll-^H] -retinoic  acid  is  also  completed  and  the 
product  is  being  purified  by  HPLC.  In  addition,  an  unlabeled  metabolite  of 
retinoic  acid,  4-methyl-4-{2-(3-oxo-2,6,6-trimethyl-l-cyclohexenyl )-vinyl} - 
butyrolactone,  was  prepared  and  submitted  for  evaluation.  Synthesis  of  two 
other  metabolites  and  4, 4-difluoro-all -trans -retinoic  acid  is  in  progress. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Radioactive  (I'+C  and  3H)  retinoic  acid  derivatives  synthesized  as  a  result  of 
this  program  have  been  successfully  used  by  investigators  at  NCI  for  elucida- 
tion of  the  metabolic  pathway(s)  and  biochemical  transformations  of  retinoids 
in  vivo  and  in  vitro.  The  results  of  these  studies  should  prove  beneficial 
in  the  design  of  more  effective  retinoids  for  chemoprevention  of  cancers  in 
epithelial  tissues. 

Proposed  Course:  The  synthesis,  purification,  analysis,  and  supply  of  small 
quantities  of  NCI-selected  radioactive  retinoids  for  use  as  tracers  in  meta- 
bolic studies  will  be  continued.  As  in  the  past,  the  requested  compounds 
will  include  modifications  of  the  ring,  side  chain  or  terminus  of  the  retinoic 
molecule  with  variations  of  both  the  radioactive  isotope  (I'^C  and  ^H)  and/or 
the  position  of  label  incorporation.  In  general,  5  to  50  mCi  of  each  labeled 
compound  will  be  supplied  at  specific  activities  of  1  to  2  Ci/mmole  (^H)  and 
50  to  100  mCi/mmole  O'^C)  and  be  directly  suitable  for  research  purposes 
without  further  purification. 

Date  Contract  Initiated:  September  30,  1977 

Current  Annual  Level :   0 

MIDWEST  RESEARCH  INSTITUTE  (BOA)  (NOl -CP-85636) 

Title:  Synthesis  of  Chemical  Carcinogens 

Contractor's  Project  Director:  Dr.  J.  Richard  Heys 

Project  Officer  (NCI) :  Dr.  David  G.  Longfellow 

Objectives:  To  synthesize,  purify,  and  thoroughly  characterize  designated 
chemicals  required  for  research  on  chemical  carcinogenesis.  The  objectives 
are  designed  to  serve  a  dual  purpose: 

1.  To  provide  the  carcinogenesis  program  with  chemicals  that  are  unavailable 
from  other  sources. 

2.  To  provide  well -characterized  reference  samples  to  investigators  to 
eliminate  variability  in  experimental  results  that  might  be  caused  by  im- 
purities in  inadequately  analyzed  specimens  from  various  sources. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  availability  of  well -characterized  specimens  of  carcinogens,  carcinogen 
metabolites,  and  potential  carcinogens  is  essential  to  research  on  chemical 
carcinogenesis  to  assure  that  the  results  of  biological  and  biochemical 
studies  are  not  influenced  by  contaminants.  Without  the  availability  of 
such  chemicals  to  researchers,  much  of  the  work  to  achieve  the  goals  of  the 
Program  would  be  more  difficult,  less  definitive,  or  simply  impossible. 

Proposed  Course:  Compounds  requested  by  the  NCI  for  the  Carcinogenesis 
Program  will  be  synthesized,  purified,  fully  characterized,  and  sent  to  the 
Chemical  Repository. 
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Date  Contract  Initiated:  April  28,  1978 
Current  Annual  Level :  -0- 

NEW  ENGLAND  NUCLEAR  CORPORATION  (M01-CP-75937) 

Title:  Synthesis  of  Radioactive  Retinoids  for  Metabolic  and  Pharmacologic 
Studies  Relating  to  Prevention  of  Lung  Cancer  and  Other 
Epithelial  Cancers 

Contractor's  Project  Director:  Dr.  David  Ahern 

Project  Officer  (NCI):  Dr.  Carl  E.  Smith 

Major  Findings:  This  time  period  has  resulted  in  the  synthesis  and  submission 
to  the  National  Cancer  Institute  the  following  tritium  labelled  retinoids: 

1.  All  trans-N-ethyl-retinamide  [lO-^H]. 

2.  All  trans-2-hydroxyethyl-retinamide  [lO-^H]. 

3.  All  trans-N-(p-hydroxyphenyl)  retinamide  [lO-^H]. 

These  compounds  were  synthesized  by  activating  the  carboxyl  group  of  all  trans 
retinoic  acid  [lO-^H]  followed  by  reaction  with  the  appropriate  base  to  yield 
the  crude  amides.  The  crude  reaction  products  were  then  purified  by  recrys- 
tallization  or  high  performance  liquid  chromatography. 

The  two  compounds  that  are  presently  in  the  process  of  being  prepared  are: 

(a)  All  trans  5,6-dihydroretinoic  acid  [lO-^H]. 

(b)  13-cis  5,6-dihydroretinoic  acid  [lO-^H]. 

The  first  attempts  were  to  try  to  selectively  reduce  all  trans  retinoic  acid 
[lO-^H]  to  the  5,6  dihydro  compound.  Using  various  catalysts,  e.g.,  NiB, 
Wilkinsons,  Lindlars,  Pd  on  CaCOs ,  resulted  in  no  reduction  in  some  cases, 
and  reduction  with  little  selectivity  as  to  the  position  reduced  in  others. 
Moderate  success  was  achieved  using  5"  Pd/C.  After  2.0  equivalents  of 
hydrogen  were  taken  up,  chromatographic  analysis  indicated  a  product  (~20%) 
which  had  properties  similar  to  5,6-dihydroretinoic  acid.  Purification  of 
this  compound  proved  exceedingly  difficult,  and  this  approach  was  abandoned 
in  favor  of  alternative  synthetic  routes. 

The  first  route  involved  the  synthesis  of  5,6-dihydroionone.  Multigram 
amounts  of  this  compound  have  been  prepared  and  purified  by  HPLC.  Detailed 
NMR  studies  indicate  that  it  is  the  cis-dihydroionone.  From  this  compound, 
a  five-step  reaction  sequence  has  been  elaborated  which  should  result  in  both 
the  all-trans  and  13-cis  labeled  dihydroretinoic  acids,  which  will  be 
separated  by  chromatographic  means. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
These  labeled  compounds  will  be  made  available  for  pharmacological  and 
metabolic  investigation. 
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Proposed  Course:  To  continue  to  produce  labeled  retinoids  as  directed  by  NCI 
until  contract  termination,  September,  1980. 

Date  Contract  Initiated:  September  30,  1977 

Current  Annual  Level :  -0- 

NEW  ENGLAND  NUCLEAR  CORPORATION  (BOA)  (NOl -CP-85638) 

Title:  Synthesis  of  Chemical  Carcinogens 

Contractor's  Project  Director:  Dr.  Felix  E.  Granchelli 

Project  Officer  (NCI):  Dr.  David  G.  Longfellow 

Objectives:  To  synthesize,  purify,  and  thoroughly  characterize  designated 
chemicals  required  for  research  on  chemical  carcinogenesis.  The  objectives 
are  designed  to  serve  a  dual  purpose: 

1.  To  provide  the  carcinogenesis  program  with  chemicals  that  are  unavailable 
from  other  sources. 

2.  To  provide  well -characterized  reference  samples  to  investigators  to 
eliminate  variability  in  experimental  results  that  might  be  caused  by  im- 
purities in  inadequately  analyzed  specimens  from  various  sources. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  availability  of  well -characterized  specimens  of  carcinogens,  carcinogen 
metabolites,  and  potential  carcinogens  is  essential  to  research  on  chemical 
carcinogenesis  to  assure  that  the  results  of  biological  and  biochemical 
studies  are  not  influenced  by  contaminants.  Without  the  availability  of  such 
chemicals  to  researchers  much  of  the  work  to  achieve  the  goals  of  the  Program 
would  be  more  difficult,  less  definitive,  or  simply  impossible. 

Proposed  Course:  Compounds  requested  by  the  NCI  for  the  Carcinogenesis 
Program  will  be  synthesized,  purified,  fully  characterized,  and  sent  to  the 
Chemical  Repository. 

Date  Contract  Initiated:  April  28,  1978 

Current  Annual  Level :   0 

RESEARCH  TRIANGLE  INSTITUTE  (BOA)  (NOl-CP-85634) 
Title:  Synthesis  of  Chemical  Carcinogens 
Contractor's  Project  Director:  Dr.  Jack  A.  Kepler 
Project  Officer  (NCI):  Dr.  David  G.  Longfellow 
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Objectives:  To  synthesize,  purify,  and  thoroughly  characterize  designated  ' 
chemicals  required  for  research  on  chemical  carcinogenesis.  The  objectives  i\ 
are  designed  to  serve  a  dual  purpose: 

1.  To  provide  the  carcinogenesis  program  with  chemicals  that  are  unavailable 
from  other  sources. 

2.  To  provide  well -characterized  reference  samples  to  investigators  to 
eliminate  variability  in  experimental  results  that  might  be  caused  by 
impurities  in  inadequately  analyzed  specimens  from  various  sources. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  availability  of  well -characterized  specimens  of  carcinogens,  carcinogen 
metabolites,  and  potential  carcinogens  is  essential  to  research  on  chemical 
carcinogenesis  to  assure  that  the  results  of  biological  and  biochemical 
studies  are  not  influenced  by  contaminants.  Without  the  availability  of  such 
chemicals  to  researchers  much  of  the  work  to  achieve  the  goals  of  the  Program 
would  be  more  difficult,  less  definitive,  or  simply  impossible. 

Proposed  Course:  Compounds  requested  by  the  NCI  for  the  Carcinogenesis 
Program  will  be  synthesized,  purified,  fully  characterized,  and  sent  to  the 
Chemical  Repository. 

Date  Contract  Initiated:  April  28,  1978 

Current  Annual  Level:   0 

SOUTHERN  RESEARCH  INSTITUTE  (NOl -CP-85616) 

Title:  Synthesis  of  Kilogram  Amounts  of  Retinoids  for  Long-term  Animal 
Studies 

Contractor's  Project  Director:  Dr.  Y.  Fulmer  Shealy 

Project  Officer  (NCI):  Dr.  Carl  E.  Smith 

Objectives:  The  objectives  of  this  contract  are  the  synthesis  and  complete 
characterization  of  certain  retinoids  selected  by  the  National  Cancer  Institute. 
These  retinoids  are  to  be  synthesized  in  large  quantities  for  long-term 
evaluation  in  animals. 

Major  Findings:  Several  amide  derivatives  of  all -trans  retinoic  acid  were 
synthesized  and  supplied  to  the  National  Cancer  Institute  for  long-term 
studies  of  chemoprevention  in  animals.  The  all -trans  isomers  of  N_-ethyl-, 
N^-(2-hydroxyethyl)-,  and  N_-(4-hydroxyphenyl  )-retinamide  were  supplied  in 
quantities  of  1.2-1.8  kilograms;  the  all -trans  isomers  of  the  N^-butyl  and 
N^-(4-hydroxybutyl )  retinamides  were  synthesized  and  supplied  in  quantities 
in  excess  of  100  grams. 

Procedures  were  developed  for  the  synthesis  of  new  13-cis  retinamides.  A 
large  amount  (>460  grams)  of  one  of  these,  13-cis-N-(4-hydroxypheny1 ) 
retinamide,  was  furnished  for  biological  evaluation.  The  following  new  13-cis 
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retinamides  were  synthesized  in  amounts  in  excess  of  100  grams  for  evaluation 
as  potential  chemopreventive  agents:  N^-ethyl ,  N_-(2-hydroxyethyl) ,  N^-butyl , 
ji"  ( 4-hydroxybutyl ) . 

5,5-Dimethyl-2-retinylidene-l,3-cyclohexanedione  (>1.5  kg)  and  3-retinylidene- 
2,4-pentanedione  (200  grams),  1,3-diketone  derivatives  of  retinal,  were  pre- 
pared for  additional  long-term  studies  in  animals. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Agents  that  prevent  carcinogenesis,  or  the  progression  of  the  carcinogenic 
process  to  full  malignancy  in  epithelia,  have  enormous  potential  for  the 
control  of  human  cancer.  Studies  in  animals  and  in  organ  cultures  show  that 
retinoids  may  have  this  potential,  but  new  retinoids  with  improved  anticarcino- 
genic  activity,  decreased  toxicity,  and  more  favorable  pharmacokinetic 
properties  are  needed.  To  achieve  these  goals,  long-term  experiments  in 
animals  must  be  performed.  This  contract  provides  large  amounts  of  retinoids 
selected  by  the  National  Cancer  Institute  for  these  long-term  studies  of  the 
chemoprevention  of  cancer. 

Proposed  Course:  Retinoids  requested  by  the  NCI  for  its  program  on  the 
chemoprevention  of  cancer  will  be  synthesized,  fully  characterized,  and  sent 
to  the  NCI. 

Date  Contract  Initiated:  September  30,  1978 

Current  Annual  Level :  $352,361 

SOUTHERN  RESEARCH  INSTITUTE  (BOA)  (NOl -CP-85637) 

Title:  Synthesis  of  Chemical  Carcinogens 

Contractor's  Project  Director:  Dr.  Y.  Fulmer  Shealy 

Project  Officer  (NCI):  Dr.  David  G.  Longfellow 

Objectives:  To  synthesize,  purify,  and  thoroughly  characterize  designated 
chemicals  required  for  research  on  chemical  carcinogenesis.  The  objectives 
are  designed  to  serve  a  dual  purpose: 

1.  To  provide  the  carcinogenesis  program  with  chemicals  that  are  unavailable 
from  other  sources. 

2.  To  provide  well -characterized  reference  samples  to  investigators  to 
eliminate  variability  in  experimental  results  that  might  be  caused  by  impurities 
in  inadequately  analyzed  specimens  from  various  sources. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  availability  of  well -characterized  specimens  of  carcinogens,  carcinogen 
metabolites,  and  potential  carcinogens  is  essential  to  research  on  chemical 
carcinogenesis  to  assure  that  the  results  of  biological  and  biochemical  studies 
are  not  influenced  by  contaminants.  Without  the  availability  of  such  chemicals 
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to  researchers,  much  of  the  work  to  achieve  the  goals  of  the  Program  would  be 
more  difficult,  less  definitive,  or  simply  impossible. 

Proposed  Course:  Compounds  requested  by  the  NCI  for  the  Carcinogenesis 
Program  will  be  synthesized,  purified,  fully  characterized,  and  sent  to  the 
Chemical  Repository. 

Date  Contract  Initiated:  April  28,  1978 

Current  Annual  Level :   0 

SOUTHWEST  RESEARCH  INSTITUTE  (NQ1 -CP-85601 ) 

Title:  Encapsulation  of  Retinoids  for  Administration  in  Laboratory  Diets 

Contractor's  Project  Director:  Dr.  Donald  J.  Mangold 

Project  Officer  (NCI):  Dr.  Carl  E.  Smith 

Objectives:  The  stabilization  of  certain  synthetic  retinoids  by  microencap- 
sulation in  food  or  pharmaceutical  grade  materials,  and  a  demonstration  of 
bioavailability  of  the  encapsulated  retinoids  using  the  rat  as  the  animal 
model.  The  stability  of  the  encapsulated  retinoids  is  being  determined  at  25°, 
45°,  and  55°C  under  certain  conditions. 

Major  Findings:  Initial  studies  have  been  concerned  with  the  establishment 
of  optimum  conditions  for  the  preparation  of  microspheres  of  trans-retinyl 
acetate  and  trans -retinoic  acid  using  either  glycerides  or  gelatin  as  the 
matrix  with  various  stabilization  additives.  Evaluation  of  the  microspheres 
was  undertaken  by  means  of  aging  at  room  temperature  (with  and  without  light), 
45°C  (no  light),  and  55°C  (no  light).  Several  different  formulations  using 
gelatin  as  the  matrix,  with  antioxidants,  gave  promising  results.  The  use  of 
a  light  screening  agent  in  some  of  the  formulations  gave  improved  stability 
in  the  light  aging  tests. 

The  promising  formulations  for  retinyl  acetate  and  retinoic  acid  have  also 
been  used  with  an  experimental  retinoid,  2-retinylidene-5,5-dimethyl-l ,3- 
cyclohexanedione  (retinylidene  dimedone).  The  most  promising  overall  formula- 
tions appear  to  be  those  containing  gelatin  as  matrix  with  BHA  or  Tenox  20 
as  antioxidant  and  sodium  benzoate  as  preservative.  Incorporation  of  samples 
of  these  microspheres  in  rat  feed,  followed  by  aging  of  the  mixture  at  room 
temperature  under  light,  gave  significantly  lower  decomposition  as  compared 
to  the  neat  retinylidene  dimedone  deposited  from  solvent  on  rat  feed. 

Bioavailability  studies  using  the  promising  microspheres,  with  the  rat  as  the 
animal  model,  have  indicated  the  retinylidene  dimedone  to  be  as  bioavailable 
as  the  neat  retinylidene  dimedone  deposited  from  solvent  on  rat  feed.  The 
uptake  of  the  retinoid  was  measured  in  the  mammary  tissue  of  female  rats 
after  feeding  (ad  libitum)  over  a  two-week  period.  Total  retinoid  was 
determined  by  the  colormetric  trifluoroacetic  acid  method. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Retinoids,  vitamin  A  analogs,  have  been  shown  to  have  some  ability  to  prevent 
chemical  carcinogenesis  in  certain  epithelial  tissues  of  animals;  however,  the 
natural  retinoids  cannot  be  readily  used  because  of  toxicity  and  limited 
tissue  distribution  at  the  high  dietary  amounts  required.  Recently,  it  has 
been  shown  that  several  synthetic  retinoids  have  high  activity  and  less 
toxicity  for  the  prevention  of  cancer  in  animals  in  the  results  of  work  con- 
ducted by  the  National  Cancer  Institute.  In  order  to  extensively  study  the 
effect  of  these  synthetic  retinoids  by  feeding  in  animal  diets,  the  materials 
must  be  stabilized,  since  most  retinoids  must  be  protected  from  oxidation, 
light,  heat,  moisture,  and  bacterial  decomposition. 

With  the  availability  of  relatively  stabilized  retinylidene  dimedone  in  the 
form  of  microspheres,  larger  scale  and  simpler  animal  feeding  studies  can  be 
undertaken  by  other  investigators.  The  formulations  found  promising  for 
stabilizing  the  retinylidene  dimedone  should  be  useful  in  the  preparation  of 
microspheres  of  many  other  experimental  retinoids. 

Proposed  Course:  Larger  scale  runs  of  microspheres  containing  the  retinylidene 
dimedone  will  be  conducted  to  prepare  a  150-g  quantity  of  product  for  forwarding 
to  NCI  for  further  evaluation  in  animal  studies.  Additional  quantities  of  the 
microspheres  will  be  prepared  as  requested. 

Investigation  of  the  preparation  of  microspheres  of  other  experimental  retinoids 
will  be  undertaken  as  the  retinoids  are  made  available.  Evaluation  of  the 
microspheres  for  stability  will  be  conducted  at  room  temperature  (with  light) 
in  rat  feed.  Studies  will  continue  to  be  conducted  with  the  most  promising 
formulations  to  determine  that  the  bioavailability  of  the  retinoids  has  not 
been  affected  by  the  encapsulation. 

Date  Contract  Initiated:  September  30,  1978 

Current  Annual  Level :  $46,800 

SRI  INTERNATIONAL  (NOl-CP-75936) 

Title:  Synthesis  of  Radioactive  Retinoids  for  Metabolic  and  Pharmacologic 
Studies  Relating  to  Prevention  of  Lung  Cancer  and  Other  Epithelial 
Cancers 

Contractor's  Project  Director:  Dr.  Joseph  I.  DeGraw 

Project  Officers  (NCI):  Dr.  Michael  Sporn 

Dr.  Charles  Frolik 

Objectives:  The  objective  of  the  research  is  to  synthesize  adequate 
quantities  of  radioisotopically  labeled  retinoid  compounds.  These  are  to  be 
used  as  tracers  in  the  investigation  of  the  metabolic  and  pharmacologic  action 
of  retinoid  compounds  as  anticarcinogenic  or  as  anticancer  agents. 
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Major  Findings:  The  syntheses  of  trans-retina1-11-^H  and  9-cis-retina1-n-^H 
were  successfully  carried  out.  lonylidineacetaldehyde  was  prepared  and 
separated  into  pure  cis-  and  trans-isomers  by  preparative  HPLC.  Each  of  the 
pure  aldehydes  was  then  reduced  with  lithium  borotritide  to  the  corresponding 
alcohol -^H.  Reoxidation  with  manganese  oxide  afforded  the  respective  a-tritio 
aldehydes.  These  aldehydes  were  separately  condensed  with  3-methyl-4-diethyl- 
phosphonocrotononitrile  to  give  all  trans-retinylnitrile-11-^H  and  9-cis- 
retinylnitrile-11-^H.  The  nitriles  were  reduced  with  di-isobutylaluminum 
hydride  to  yield  the  crystalline  all  trans-retinal -11-^H  and  9-cis-retinal-11- 
3H  at  specific  activities  around  2  Curies/mmole. 

It  was  also  demonstrated  that  the  trans-retinal-11-^H  could  be  reduced  to 
trans-retinol  followed  by  acetylation  to  afford  retinyl  acetate-ll-3H.  Pro- 
gress was  made  on  the  synthesis  of  ll-cis-retinal-lO-^H  via  condensation  of 
the  "Darzens  aldehyde"  with  3-methylpent-2-ene-4-yne-l-al  dimethyl acetal  to 
give  11 ,12-dehydro-lO-hydroxy-retinal  as  the  acetal. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Retinoid  deficiency  enhances  the  susceptibility  of  experimental  animals  to 
chemical  carcinogenesis.  The  application  of  retinoids  can  reverse  carcinogen 
induced  lesions.  Mechanistic  studies  with  labeled  retinoids  may  enable 
investigators  to  design  more  prophylactically  or  therapeutically  useful 
retinoids  suitable  for  clinical  application  in  cancer  prevention  or  therapy. 

Proposed  Course:  The  synthesis  of  ll-cis-retinal-lO-^H  will  be  continued. 

Date  Contract  Initiated:  September  30,  1977 

Current  Annual  Level :   0 

SRI  INTERNATIONAL  (BOA)  (N01-CP-8560Q) 

Title:  Synthesis  of  Chemical  Carcinogens 

Contractor's  Project  Director:  Dr.  Elmer  J.  Reist 

Project  Officer  (NCI):  Dr.  David  6.  Longfellow 

Objectives:  To  synthesize,  purify,  and  thoroughly  characterize  designated 
chemicals  required  for  research  on  chemical  carcinogenesis.  The  objectives 
are  designed  to  serve  a  dual  purpose: 

1.  To  provide  the  carcinogenesis  program  with  chemicals  that  are  unavailable 
from  other  sources. 

2.  To  provide  well -characterized  reference  samples  to  investigators  to 
eliminate  variability  in  experimental  results  that  might  be  caused  by  impurities 
in  inadequately  analyzed  specimens  from  various  sources. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  availability  of  well -characterized  specimens  of  carcinogens,  carcinogen 

metabolites,  and  potential  carcinogens  is  essential  to  research  on  chemical 
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carcinogenesis  to  assure  that  the  results  of  biological  and  biochemical 
studies  are  not  influenced  by  contaminants.  Without  the  availability  of  such 
chemicals  to  researchers,  much  of  the  work  to  achieve  the  goals  of  the  Program 
would  be  more  difficult,  less  definitive,  or  simply  impossible. 

Proposed  Course:  Compounds  requested  by  the  NCI  for  the  Carcinogenesis 
Program  will  be  synthesized,  purified,  fully  characterized,  and  sent  to  the 
Chemical  Repository. 

Date  Contract  Initiated:  April  28,  1978 

Current  Annual  Level :   0 

SRI  INTERNATIONAL  (NOl-CP-85612) 

Title:  Synthesis  of  Hetero-substituted  Polyaromatic  Hydrocarbons 

Contractor's  Project  Director:  Dr.  Elmer  J.  Riest 

Project  Officer  (NCI):  Dr.  David  6.  Longfellow 

Objectives:  The  synthesis  of  heteroaromatic  compounds  that  are  analogs  of 
carcinogenic  aromatic  hydrocarbons  and  as  a  result  are  reasonable  candidates 
to  possess  carcinogenic  activity.  Most  are  also  potential  environmental 
pollutants. 

Major  Findings:  A  number  of  nitrogen  or  sulfur  containing  heterocycles  have 
been  prepared  and  shipped  to  NCI  in  the  last  year.  They  include  Z-azachrysene, 
2-azapyrene,  7  H  benzo(g)pyrido(3,2-a)carbazole,  6,12-dimethylbenzo[b]thion- 
aphtheno[3,2-f]thionaphthene  and  6,12-dimethylbenzo[b]thionaphtheno[2,3-f]- 
thionapthene.  Additionally  small  quantities  of  4-azachrysene  and  1-azapyrene 
have  been  prepared.  Scale  up  is  in  progress. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
A  number  of  aza-aromatic  hydrocarbons  have  been  implicated  as  carcinogenic 
agents.  Others  have  been  identified  as  environmental  pollutants,  forming 
during  combustion  of  organic  material,  e.g.,  in  tobacco  smoke.  The  carcino- 
genic potential  of  many  of  these  compounds  has  not  yet  been  demonstrated. 
The  availability  of  these  compounds  as  standard  references  will  assist  in 
identifying  them  in  the  atmosphere  and  also  permit  evaluation  of  their 
carcinogenic  potential. 

Proposed  Course:  Additional  heteroaromatic  compounds  that  are  analogs  of 
carcinogenic  hydrocarbons  will  be  prepared,  characterized,  and  sent  to  NCI. 

Date  Contract  Initiated:  September  30,  1978 

Current  Annual  Level:  $145,560 
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SUMMARY  REPORT 
SPECIAL  PROJECTS 

Included  under  Special  Projects  are  multidisciplinary  and  interdisciplinary 
projects  as  represented  by  program  projects  and  analogous  contracts.  Also 
included  are  the  development  and  characterization  of  cell  culture  systems 
relevant  to  carcinogenesis  research  and  development  of  analytical  methodology 
and  technology  for  the  detection  of  chemical  carcinogens  in  complicated 
matrices. 

Development  and  Characterization  of  Cell  Culture  Systems:  Several  contractors 
are  working  on  development  and  characterization  of  cell  culture  systems  that 
could  serve  as  biological  models  for  carcinogenicity  studies.  Methods  are 
being  developed  for  organ,  explant,  and  epithelial  cell  cultures  from  several 
organ  systems.  Most  of  the  effort  to  date  has  been  in  development  and 
characterization  of  culture  conditions  in  preparation  for  actual  carcinogenicity 
studies.  Progress  is  summarized  below  by  organ  system. 

Colon.  Two  organizations  are  developing  organ  culture  techniques  to  permit 
prolonged  maintenance  of  functional  colonic  mucosa.  The  cultures  will  be 
used  to  study  the  effects  of  model  carcinogens  and  factors  believed  to  be 
related  to  the  development  of  human  colon  cancer.  Techniques  have  been 
developed  at  the  American  Health  Foundation  (NOl-CP-75952)  that  permit 
prolonged  maintenance  of  functional  fragments  of  rodent  colon.  When  the 
fragments  were  treated  with  1 ,2-dimethyl hydrazine  in  cultures,  it  was  possible 
to  demonstrate  interaction  of  the  carcinogens  with  mucosal  epithelium.  An 
unique  organ  culture  system  for  maintaining  colonic  mucosa  of  adult  rats  has 
been  developed  at  IIT  Research  Institute  (NOl-CP-75953) .  Researchers  at 
Southern  Research  Institute  (NOl-CP-75914)  have  developed  a  method  of  sequen- 
tial-timed dissociation  of  colonic  mucosa  in  an  enzyme  solution  in  order  to 
obtain  enriched  populations  of  proliferative  and  differentiated  epithelial 
cells.  Optimum  culture  conditions  are  being  developed  for  the  two  cell  types. 
Preliminary  binding  experiments  using  benzo(a)pyrene  indicated  that  differen- 
tiated cells  bind  significantly  greater  amounts  of  the  carcinogen  than  the 
proliferative  cells. 

Pancreas.  Viable  pancreatic  ductal  epithelial  cells  have  been  isolated  in 

large  quantities  using  a  digestion  technique  developed  at  the  University 

of  Maryland  (NOl-CP-75947)  where  the  main  pancreatic  duct  is  perfused  within 

the  organ  by  collaginase  and  dipase.  The  cells  are  being  characterized  and 
culture  conditions  evaluated. 

Prostate.  One  contract  has  as  its  goal  the  development  of  in  vitro  models 
which  could  be  used  to  study  the  early  steps  in  human  prostatic  carcinogenesis. 
The  University  of  Colorado  (NOl-CP-65849)  is  developing  procedures  for  estab- 
lishment and  characterization  of  normal  human  prostatic  epithelial  cells.  The 
ultimate  aim  is  to  develop  a  totally  defined  medium  which  would  support  good 
growth  and  maintenance. 

Endometrium.  At  the  University  of  North  Carolina  (NOl-CP-75956)  human 
endometrial  tissue  has  been  successfully  maintained  as  cell  or  organ  culture 
for  prolonged  intervals  (many  months).  Under  optimal  conditions  of 
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maintenance,  morphologic  and  biochemical  properties  resemble  those  of  freshly 
isolated  tissue  even  after  many  months  in  vitro.  Studies  on  steroid  receptor 
levels  and  on  carcinogen  metabolism  and  binding  were  done  using  both  freshly 
obtained  human  endometrial  tissue  and  organ  cultures  of  the  same  tissue.  It 
was  found  that  the  hormone  content  of  the  medium  had  to  be  varied  to  simulate 
the  menstrual  cycle  in  vitro.  This  was  necessary  to  obtain  the  characteristic 
receptor  patterns  and  benzpyrene  metabolite  binding  patterns  in  culture  that 
were  seen  in  fresh  tissue. 

Bladder:  Methods  have  been  developed  for  the  serial  propogation  of  epithelial 
cells  from  normal  human  bladder.  Workers  at  the  Middlesex  Hospital  Medical 
School  (NOl-CP-75955)  have  been  able  to  maintain  implants  of  normal  human 
bladder  in  vitro  for  at  least  two  months.  Parameters  for  optimal  growth 
conditions  are  being  determined. 

Development  of  Analytical  Methodology  for  Detection  of  Chemical  Carginogens 
in  Complicated  Mixture:  Investigators  at  the  British  Food  Manufacturing 
Industries  Research  Association  (NOl-CP-43337)  are  in  the  final  stages  of 
development  of  a  method  for  the  analysis  of  non-volatile  N-nitroso  compounds 
from  complex  matrices.  The  technique  is  sensitive  at  levels  considerably 
below  the  detection  limit  of  the  established  spectrophotometric  procedures. 
It  holds  considerable  promise  as  a  rapid  screening  procedure  for  carcinogenic 
N-nitroso  compounds,  and  their  precursors  in  foods  and  other  complex  matrices. 

A  workable  analytic  method  has  been  developed  at  the  University  of  Hawaii  at 
Manoa  (NOl-CP-75915)  for  the  determination  of  cycasin  and  macrozamin  in 
muscle,  kidney,  and  liver  tissues.  The  interference  problems  encountered 
previously  with  kidney  and  liver  extracts  have  now  been  overcome.  The 
contractor  is  now  attempting  to  quantitate  these  carcinogens  in  meat  derived 
from  sheep  which  have  been  fed  cycad  plants. 
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CONTRACT  NARRATIVES 
SPECIAL  PROJECTS 

AMERICAN  HEALTH  FOUNDATION  (N01-CP-75952) 

Title:  Studies  on  Colon  Carcinogenesis  in  Organ  Culture  of  Intestinal 
Mucosa 

Contractor's  Project  Director:  Dr.  Gary  M.  Williams 

Project  Officer  (NCI):  Dr.  Lea  I.  Sekely 

Objectives:  The  four  specific  objectives  of  this  contract  are  as  follows: 

1.  To  develop  organ  culture  techniques  that  permit  the  prolonged  maintenance 
of  functional  fragments  of  rodent  colon. 

2.  To  study,  in  these  cultures,  the  effects  of  model  carcinogens  and  factors 
believed  to  be  related  to  the  development  of  human  colon  cancer. 

3.  To  develop  transplant  techniques  for  maintaining  explants  of  colon. 

4.  To  determine  whether  carcinogen-treated  colon  from  organ  culture,  or 
fragments  from  intact  colon,  are  capable  of  developing  carcinoma  following 
transplantation. 

Major  Findings:  During  the  past  12-month  period,  studies  were  undertaken  to 
accomplish  the  specific  objectives,  1  and  2,  outlined  above.  All  of  the 
experiments  were  performed  on  colon  organ  cultures  from  conventional  mice 
and  rats  according  to  the  technique  developed  by  the  contractor. 

1.  In  order  to  determine  the  nutrient  medium  most  suitable  for  the  colon 
organ  culture  system,  fragments  of  colon  were  maintained  in  several  different 
media.  The  order  of  superiority  of  the  media  for  preserving  survival  (i.e., 
the  number  of  remaining  intact  normal  crypts  relative  to  the  number  present 
at  the  initiation  of  culture)  after  7  days  of  culture  was:  Medium  E 
(11.6%;  with  dexamethasone,  15.2%)  =  Medium  199  (12.7;  14.5)>  CMRL  -  1066 
(10.6;  12.6)>  Waymouth's  MB  752/1  (4.4;  6.4)>  Eagle's  MEM  (6.2;  3.1)>  Trowell' 
T8  (1.1;  0).  Although  supplementation  with  dexamethasone  produced  improved 
crypt  survival,  it  suppressed  DNA  synthesis.  This  decreased  level  of  DNA 
synthesis,  however,  was  comparable  to  normal  untreated  in  vivo  determinations. 
Thus,  the  results  suggest  that  dexamethasone  promotes  the  maintenance  of 
normal  function  as  well  as  the  normal  histology  of  cultured  colon  fragments. 

2.  Experiments  were  undertaken  to  examine  the  molecular  and  cellular  effects 
on  colon  fragments  in  organ  culture  after  acute  exposure  to  the  colon  carcino- 
gens, 1,2-dimethyl hydrazine  (DMH)  and  N-methyl-N'-nitro-N-Nitrosoguanidine 
(MNNG). 
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The  interaction  of  ^'^C-DMH  with  the  target  tissue  was  assessed  by  measuring 
the  ^'^C  radioactivity  in  the  macromolecular  fraction  of  the  tissue  homogenate. 
A  methanol  precipitated  fraction,  representing  the  radioactivity  due  to 
carcinogen-macromolecule  adducts,  showed  a  time  dependent  linear  increase 
in  the  bound  ^'^C  label  (0  hour:  127  cpm;  3  hour:  5931  cpm;  6  hour:  15,280  cpm, 
and  24  hour:  16,167  cpm).  This  suggests  that  cultured  colon  mucosa  can 
metabolize  DMH  to  products  that  bind  to  cellular  macromolecules. 

To  examine  the  effects  of  DMH  on  cell  kinetics,  mouse  and  rat  colon  organ 
cultures  were  exposed  to  a  single  carcinogen  treatment,  and  then  maintained 
in  carcinogen-free  medium.  ^^-jdR  labeling  decreased  at  2  days  and  then 
increased  almost  3  times  at  7  and  14  days.  Continuous  carcinogen  exposure 
also  revealed  a  similar  pattern.  A  single  4-hour  exposure  of  MNNG  to  mouse 
colon  produced  significant  kinetic  and  morphological  abnormalities,  including 
the  presence  of  ^H-TdR  labeled  cells  at  the  crypt  surface  and  shortened, 
cystic  crypts. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  availability  of  a  colon  organ  culture  system  will  permit  refined  mechanistic 
studies  on  the  process  of  cancer  causation  in  this  organ  which  is  one  of  the 
most  frequent  sites  of  human  cancer. 

Proposed  Course: 

1.  The  transformed  nature  of  the  carcinogen-altered  mucosa  will  be  ascertained 
by  examining  the  tumorigenicity  of  the  exposed  fragments  after  transplantation. 

2.  The  influence  of  known  tumor  promoters  will  be  examined  on  colon  organ 
cultures  that  are  initiated  by  carcinogenic  exposure  in  vitro. 

3.  Studies  combining  the  initiation  and  promotion  in  vitro  and  subsequent 
maintenance  of  the  altered  tissue  in  vivo  to  assess  tumorigenicity  will 
facilitate  the  development  of  this  model  for  the  identification  of  environ- 
mental colon  carcinogens  and  suspected  promoters  of  colon  cancer. 

The  contract  will  be  completed  by  September  29,  1980. 

Date  Contract  Initiated:  September  30,  1977 

Current  Annual  Level :  0 
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BRITISH  FOOD  MANUFACTURING  INDUSTRIES  RESEARCH  ASSOCIATION  (N01-CP-43337) 

Title:  Development  and  Application  of  Methods  for  N-Nitroso  Compounds  and 
Their  Precursors  in  the  Environment 

Contractor's  Project  Director:  Dr.  Clifford  L.  Walters 

Project  Officer  (NCI):  Dr.  Larry  K.  Keefer 

Objectives: 

1.  To  develop  methods  of  determination  of  non-volatile  N-nitroso  compounds, 
including  those  not  extractable  from  a  biological  matrix. 

2.  To  differentiate  these  N-nitroso  compounds  from  nitrite  and  nitrate  and 
other  potential  interfering  agents. 

3.  To  apply  these  methods  to  samples  of  environmental  interest. 

Major  Findings:  A  method  has  been  developed  for  determining  non-volatile 
N-nitroso  compounds  as  a  group  in  an  extract  of  a  food  or  other  matrix  using 
a  chemiluminescence  analyzer.  The  method  is  able  to  differentiate  N-nitroso 
compounds  from  nitrite  and  other  compounds  potentially  derived  from  it  and 
from  nitrate.  As  a  result,  nitrite  itself  can  be  determined  directly  on  a 
food  or  other  matrix  without  prior  extraction  at  concentrations  much  below 
the  detection  limits  of  the  more  conventional  spectrophotometric  procedures. 

Most  of  the  compounds  which  could  be  derived  from  nitrite  in  contact  with  a 
biological  matrix  (such  as  the  pseudonitrosites  of  unsaturated  compounds  and 
the  S-nitroso  derivatives  of  thiols)  are  decomposed  thermally  to  nitric  oxide 
prior  to  the  differential  determination  of  nitrite  and  N-nitroso  compounds. 
Others  such  as  C-nitroso  and  C-nitro  compounds  potentially  derived  from 
phenols,  etc.,  do  not  yield  nitric  oxide  throughout  the  process  of  determining 
N-nitroso  compounds  and  thus  do  not  interfere.  However,  thionitrates  and 
nitrolic  acids,  which  could  be  formed,  respectively  from  thiols  and  compounds 
with  activated  methylene  groups  in  the  presence  of  nitrite,  do  release  nitric 
oxide  on  treatment  with  hydrogen  bromide  under  the  conditions  of  the  test  and 
thus  could  be  confused  with  the  nitrosamines. 

The  release  of  nitric  oxide  under  the  conditions  of  the  test  procedure  has 
been  confirmed  from  N-nitroso  derivatives  of  both  strongly  and  weakly  basic 
secondary  amines,  secondary  amides  and  a  substituted  sulfonamide.  Partial 
denitrosation  to  nitric  oxide  was  also  obtained  from  M-methyl-N-nitrosoamino- 
acetonitrile,  the  only  nitrosamine  recognized  not  to  yield  nitrosyl  bromide 
with  hydrogen  bromide  in  solution  and  instead  to  cyclize. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  method  under  development  determines  nitrite  as  a  precursor  to  carcinogenic 

N-nitroso  compounds  at  levels  considerably  below  the  detection  limit  of  the 
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more  conventional  spectrophotometric  procedures.  Furthermore,  it  permits  the 
differentiation  of  N-nitroso  compounds  from  many  of  the  other  compounds 
potentially  derived  from  nitrite  with  which  confusion  would  otherwise  be 
caused.  Most  importantly  of  all,  the  method  is  suitable  for  the  determination 
of  complex  non-volatile  N-nitroso  compounds  including  those  which  are  not 
extractable  from  a  food  or  other  matrix  and  for  which  no  alternative  procedure 
is  available. 

This  development  is  therefore  of  considerable  significance  to  the  Institute 
in  that  it  permits  the  study  of  N-nitroso  compounds  in  environmental  sources 
previously  unsuspected  of  containing  low  levels  of  nitrite  as  a  precursor  to 
N-nitrosamines  and  N-nitrosamides. 

Proposed  Course:  It  is  proposed  to  continue  the  development  of  the  method 
for  the  sequential  determination  of  nitrite,  non-volatile  N-nitroso  compounds 
and  nitrate  so  as  to  extend  it  successfully  to  as  many  situations  relevant  to 
cancer  as  possible,  such  as  the  achlorhydric  stomach  in  the  formation  of 
complex  N-nitroso  compounds.  In  addition,  confirmation  of  the  identity  of 
components  of  environmental  samples  responding  as  N-nitroso  compounds  will 
continue  to  be  sought  by  procedures  such  as  transnitrosation  to  receptors 
providing  simpler  N-nitroso  derivatives  which  can  be  characterized  by 
alternative  means. 

The  contract  will  be  completed  by  August  29,  1980. 

Date  Contract  Initiated:  June  1,  1974 

Current  Annual  Level:   $43,064 


COLORADO,  UNIVERSITY  OF  (NOl -CP-65849) 

Title:  In  Vitro  Cultivation  of  Normal,  Epithelial  Human  Prostatic  Cells 

Contractor's  Project  Director:  Dr.  Mukta  M.  Webber 

Project  Officer  (NCI):  Dr.  Lea  Sekely 

Objectives:  The  major  objective  of  this  project  is  to  develop  an  in  vitro 
model  for  the  study  of  early  steps  in  human  prostatic  carcinogenesis.  In 
order  to  develop  this  model,  procedures  have  to  be  developed  for  the  culti- 
vation of  prostatic  epithelium  of  normal,  human  origin,  in  pure  cultures. 
The  immediate  objectives  are:  to  isolate  viable,  post-pubertal ,  normal 
human  prostatic  epithelium;  to  establish  requirements  for  its  growth  and 
maintenance  in  vitro;  to  develop  a  chemically  defined  medium  and  to 
characterize  the  epithelium  grown  in  vitro  to  establish  its  normal, 
prostatic  origin. 
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Major  Findings:  During  the  last  twelve  months,  major  emphasis  has  been 
placed  on: 

1.  Establishing  growth  requirements  of  normal,  human  prostatic  epithelium 
in  vitro. 

2.  Studies  on  developing  a  chemically  defined  medium. 

3.  Growth  regulation  of  normal  and  benign  prostatic  epithelium  by  polyamines. 

The  contractor  has  developed  a  semi -defined  medium  containing  only  1%   serum 
as  compared  to  20%  serum  previously  used.  This  medium  supports  excellent 
growth  of  prostatic  epithelium.  The  low  serum  medium  contains  a  supplement 
of  several  hormones,  vitamins,  and  growth  factors  which  are:  insulin,  epi- 
dermal growth  factor,  dexamethasone,  vitamin  A,  putrescine,  and  spermine. 
These  growth  promoting  agents  have  been  titrated  one  against  the  other  to 
determine  their  synergistic  and  antagonistic  effects.  Optimum  levels  of 
these  agents  for  growth  and  maintenance  have  been  established.  This  medium, 
however,  still  contains  serum.  There  is  need  to  continue  to  explore  other 
factors  which  will  support  growth  in  the  absence  of  serum. 

Selective  growth  enhancing  effects  of  putrescine  and  spermine  and  their 
oxidation  products  on  prostatic  epithelium  have  been  investigated.  These 
studies  have  resulted  in  a  "i^r)]   significant  finding.  Results  show  that 
prostatic  epithelium  and  stromal  fibroblasts  in  benign  and  malignant  tumors 
of  the  prostate  in  man  show  an  altered  response,  as  compared  to  normal  cells 
of  the  same  origin,  to  growth  regulation  by  polyamines.  A  possible  growth 
stimulating-inhibiting  mechanism  in  prostatic  epithelium  involving  the  poly- 
amines has  been  postulated. 

Transferrin  is  considered  to  be  an  important  factor  involved  in  the  transport 
of  nutrients  into  the  cell.  Preliminary  results  show  that  transferrin  in 
the  culture  medium  has  a  definite  growth  stimulatory  effect  on  prostatic 
epithelium.  This  effect  may  be  indirect  due  to  an  increase  in  the  transport 
of  nutrients. 

Epidermal  growth  factor  was  found  to  increase  both  the  growth  and  lifespan  of 
prostatic  epithelium. 

Platelet  derived  growth  factor  induced  rapid  growth  of  epithelial  cells 
derived  from  prostatic  tumor  biopsies.  Cells  continued  to  grow  in  its 
presence  while  control  cultures  degenerated  after  six  weeks. 

Plating  efficiency  of  prostatic  epithelium  after  subculture  increased  when 
cells  were  plated  in  a  mixture  (1:1)  of  fresh  medium  and  conditioned  medium 
from  prostatic  fibroblast  cultures.  This,  however,  increased  cell  differen- 
tiation and  resulted  in  an  early  loss  of  the  culture. 

Preliminary  studies  on  the  effects  of  possible  extrinsic  carcinogens  were 
conducted.  Results  show  that  these  carcinogens  influence  growth  of  undif- 
ferentiated cells  and  the  path  of  differentiation. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  need  to  develop  this  in  vitro  model  is  based  on  the  following  fact: 
cancer  of  the  prostate  is  one  of  the  three  leading  causes  of  death  in  the 
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adult  male  cancer  patient.  The  number  of  deaths  from  prostatic  cancer  in  the 
United  States  in  1980  is  estimated  to  be  21,500,  and  66,000  new  cases  are 
estimated  during  the  same  period  (American  Cancer  Society  Facts  and  Figures 
1980).  At  least  30%  of  all-men  over  50  years  may  have  histologic  carcinoma 
of  the  prostate,  and  this  figure  increases  to  50%  after  the  age  of  70. 
Further,  benign  prostatic  hyperplasia  (BPH)  is  almost  a  universal  phenomenon 
in  aging  men.  Recent  studies  indicate  that  the  incidence  in  men  over  the 
age  of  40  is  greater  than  80%. 

The  incidence  of  prostatic  cancer  has  increased  by  more  than  25%  in  the  last 
25  years.  In  view  of  the  above  facts,  it  is  important  to  understand  the 
mechanism  of  neoplastic  growth  in  the  prostate,  the  carcinogen-target  cell 
interaction,  and  to  identify  specific  carcinogens  for  prostatic  epithelium 
and  the  site  of  their  metabolic  activation.  The  in  vitro  model  system 
using  normal  human  prostatic  epithelium  is  being  used  to  investigate  these 
problems.  The  use  of  human  cells  is  necessary  because  studies  on  animals 
cannot  always  be  extrapolated  to  the  human  disease. 

Proposed  Course:  Studies  conducted  during  this  past  year  under  this  contract 
have  developed  a  method  for  isolation,  a  method  for  characterization  of 
prostatic  epithelium,  and  have  established  some  growth  and  maintenance  require- 
ments of  normal  human  prostatic  epithelium  in  vitro.  The  contract  terminated 
June  29,  1980. 

Date  Contract  Initiated:  September  30,  1976 

Current  Annual  Level :   0 

DARTMOUTH  COLLEGE  (NOl-CP-65776) 

Ti t1  e :  Development  of  Animal  Model  for  Oat  Cell  Carcinoma  of  the  Lung 

Contractor's  Project  Director:  Dr.  George  D.  Sorenson 

Project  Officer  (NCI):  Dr.  Lea  I.  Sekely 

Objectives:  To  develop  a  satisfactory  animal  model  of  oat  cell  carcinoma  of 
lung  either  through  xenogenic  transplantation  of  human  oat  cell  carcinoma 
cells  from  established  cell  lines  or  through  primary  induction  of  an  analogous 
type  of  animal  tumor. 

Major  Findings: 

1.  Carcinogen  Synthesis,  A  series  of  six  diazoacyl  choline  esters  have 
been  synthesized  as  carcinogens  targeted  at  K-cells.  Preliminary  toxico- 
logical  data  on  the  series  have  been  obtained,  and  their  ability  to  function 
as  substrates  for  butyrylcholinesterase  has  been  examined.  Diazoacetyl choline 
iodide  (DACI),  diazophenacetyl -choline  iodine  (DPACI)  and  diazohexanoyl choline 
iodide  (DHCI)  were  found  to  be  the  best  substrates  and  were  selected  for  fur- 
ther in  vivo  testing. 
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2.  Cell  Cultures  and  Animal  Model.  A  manuscript  is  in  press,  containing 
tumor  growth  data  with  statistical  analysis  on  which  the  development  of  an 
animal  model  for  study  of  treatment  effects  on  small  cell  carcinoma  of  the 
lung  (SCCL)  cells  in  nude  athymic  mice  has  been  based.  Pettengill,  Curphey, 
Gate,  Flint,  Maurer  and  Sorenson:  Animal  Model  for  Small  Cell  Carcinoma  of 
the  Lung.  Expl.  Cell  Biol.  1980. 

Additional  studies  which  are  underway  include: 

(a)  Inoculation  of  DMS  79  cells  intracranial ly  in  nude  mice.  Under  these 
conditions,  tumor  growth  proceeds  rapidly  from  4  x  10^  cells,  a  dose  of  less 
than  one-half  of  that  required  to  produce  subcutaneous  tumors  in  mice  immuno- 
suppressed  with  ATS  treatment.  A  manuscript  is  in  preparation. 

(b)  Two  additional  cell  lines,  DMS  187  and  DMS  235,  have  been  subjected 

to  the  standard  protocol  (Pettengill  et  al ,  1980)  for  evaluation  of  oncogenicity 
in  nude  mice. 

3.  Induction  of  Oat  Cell  Carcinoma.  Once  weekly  intratracheal  instillations 
of  diazoacetylcholine  iodine  (DACI)  were  carried  out  in  24  hamsters.  Dose 
levels  were  0.38  mmol/kg  and  0.19  mmol/kg,  respectively.  Corresponding  groups 
of  control  hamsters  and  rats  were  treated  once  weekly  with  saline.  The 
animals  are  now  on  a  biweekly  weighing  schedule,  and  will  be  ready  for 
sacrifice  in  July  1980.  At  that  time,  representative  sections  of  trachea, 
lung,  liver,  and  kidney  will  be  submitted  for  examination  by  light  microscopy 
to  search  for  evidence  of  tumor  induction. 

Similar  induction  experiments  have  been  started  for  two  other  diazoacetylcholine 
esters.  They  are  diazophenacetylcholine  iodide  (DPACI)  and  diazoahexanoyl- 
choline  (DHCI).  The  once  weekly  tracheal  instillation  protocol  employed  for 
the  DACI  experiment  is  being  utilized  for  these  compounds  as  well.  The 
initial  dose  levels  for  DPACI  were  0.41  mmol/kg  in  hamsters  and  0.27  mmol/kg 
in  rats.  For  DHCI,  the  corresponding  levels  were  0.42  mmol/kg  and  0.22  mmol/kg. 
Because  of  toxicity,  the  dose  for  DPACI  rats  has  been  successively  reduced  to 
0.075  mmol/kg  and  for  DHCI  hamsters  to  0.10  mmol/kg.  Both  DPACI  and  DHCI  are 
being  administered  as  solutions  in  DMSO.  Control  groups  of  24  hamsters  and 
24  rats  for  each  compound  are  receiving  equivalent  doses  of  0.97(w/v)  NaCl  in 
70%(v/v)  DMSO  intracheally,  once  weekly.  Animal  tissues  from  the  DPACI  and 
DHCI  experiments  will  be  ready  for  microscopic  examination  in  December  1980 
and  January  1981,  respectively. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Although  small  cell  carcinoma  of  the  lung  is  a  major  health  problem  in  man, 
a  model  of  this  tumor  has  not  been  available  prior  to  that  developed  in 
nude  mice  through  this  contract.  This  will  permit  trials  of  potentially 
effective  therapeutic  regimens  with  this  system,  with  the  expectation  that 
these  studies  can  lead  to  more  effective  treatment  of  this  tumor  in  man.  The 
development  of  an  induced  model  in  animals  would  permit  important  studies  of 
pathogenesis  as  well  as  approaches  to  treatment  as  indicated. 

Proposed  Course:  This  contract  terminates  July  29,  1980. 

Date  Contract  Initiated:  September  30,  1976 

Current  Annual  Level :  0 
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HAWAII.  UNIVERSITY  OF  (N01-CP-75915) 

Title:  Cycasin  and  Macrozamin  as  Potential  Environmental  Carcinogens 

Contractor's  Project  Director:  Dr.  Hiromu  Matsumoto 

Project  Officer  (NCI):  Dr.  Elizabeth  K.  Weisburger 

Objectives:  ^ 

1.  To  develop  analytical  procedures  for  the  determination  of  cycasin  and 
macrozamin  in  meat. 

2.  To  determine  the  quantities  of  cycasin  and  macrozamin  in  meat  derived 
from  sheep  which  have  been  fed  cycad  plants. 

Major  Findings:  There  is  a  possibility  that  the  naturally  occurring  carcino- 
gens, cycasin  and  macrozamin,  are  being  introduced  into  the  human  food  chain 
via  meat  from  cattle  which  have  ingested  cycad  plants.  Since  1962,  the  cycads 
have  been  known  to  be  carcinogenic.  A  workable  analytical  method  for  the 
determination  of  cycasin  and  macrozamin  in  muscle,  kidney,  and  liver  tissues 
has  now  been  developed.  The  interference  problems  encountered  with  kidney 
and  liver  tissues  have  been  resolved. 

A  sheep  meal  containing  dried  Cycas  circinalis  leaf  meal  was  prepared.  The 
leaf  meal  contained  a  mixture  of  50  mg  cycasin  and  100  mg  macrozamin  per 
100  g.  Occasionally,  cycasin  alone  was  added  to  the  meal.  Six  sheep  were 
fed  the  Cycas  containing  meal  for  a  period  of  ten  days.  The  total  amount  of 
the  two  compounds  given  to  the  animals  was  varied  from  400  to  1000  mg  cycasin 
and  400  to  800  mg  macrozamin.  The  animals  were  sacrificed;  and  the  liver,- 
kidney,  and  muscle  tissues  were  analyzed.  The  muscles  contained  only  trace 
amounts  of  both  cycasin  and  macrozamin,  but  the  liver  and  kidney  had  1  to  4  ppm 
of  cycasin  and  7  to  15  ppm  of  macrozamin  in  the  animals  fed  low  levels  of  the 
compounds.  Tissues  of  animals  given  higher  levels  of  cycasin  and  macrozamin 
are  still  being  analyzed. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
A  good  analytical  procedure  for  the  determination  of  cycasin  and  macrozamin 
is  needed  if  the  presence  or  absence  of  the  compounds  in  meat  from  animals, 
which  have  foraged  on  cycad  plants,  is  to  be  established.  The  procedure 
developed  should  be  sensitive  enough  to  detect  the  compounds  in  minute 
quantities  in  muscle,  kidney,  and  liver  tissues.  If  the  compounds  are 
found  in  meat  from  such  animals,  precautions  could  be  taken  to  remove  the 
carcinogenic  hazards  from  the  food  chain.  Identification  of  sources  of 
carcinogens  and  the  assessment  of  their  hazard  are  part  of  the  program  of  the 
Institute. 

Proposed  Course:  Sheep  will  be  fed  Cycas  leaf  meal;  and  the  quantities  of 
cycasin  and  macrozamin  in  the  muscle,  liver,  and  kidney  tissues  will  be 
analyzed.  The  animals  will  be  taken  off  the  cycas  feed,  and  tissues  will 
be  analyzed  at  intervals  after  the  animals  are  no  longer  given  the  compound 
to  determine  the  length  of  time  it  takes  for  the  compounds  to  vanish. 
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Meat  samples  from  cattle  known  to  have  foraged  on  cycads  during  certain 
periods  of  the  year  will  be  obtained  and  analyzed  for  the  carcinogens. 

Date  Contract  Initiated:  July  1,  1977 

Current  Annual  Level :  $23,750 

IIT  RESEARCH  INSTITUTE  (NOl-CP-75953) 

Title:  Studies  of  Colon  Carcinogenesis  in  Organ  Culture  of  Intestinal 
Mucosa 

Contractor's  Project  Director:  Dr.  Leonard  J.  Schiff 

Project  Officer  (NCI):  Dr.  Lea  I.  Sekely 

Objectives :  The  objective  of  this  project  is  the  development  of  new 
methods  for  organ  culture  of  colonic  mucosa  in  order  to  study  agents  and 
mechanisms  involved  in  carcinogenesis.  Its  specific  aims  are  to: 

1.  Optimize  organ  culture  conditions  using  rat  colon  so  the  duration  of 
in  vitro  experiments  can  be  extended  beyond  a  few  weeks. 

2.  Investigate,  in  organ  culture,  various  aspects  of  lesion  development  and 
metabolism  subsequent  to  treatment  with  carcinogens,  co-carcinogens,  and 
promoters. 

3.  Monitor  lesion  development  and  metabolism  in  explants  of  rat  colon  exposed 
in  vitro  and  transplanted  to  syngeneic  host. 

4.  Investigate  lesion  development  and  metabolism  of  colonic  explants 
immediately  transplanted  to  host  rats  and  subsequently  treated  with  carcinogens, 

Major  Findings:  Surface  characteristics  of  cultured  distal  colonic  mucosa 
from  adult  rats  were  studied  under  the  scanning  electron  microscope. 
Colonic  mucosa,  physically  separated  from  the  submucosa  and  muscle,  was 
cultured  on  a  matrix  of  human  fibrin  foam.  The  luminal  surface  of  uncultured 
mucosa  formed  repeating  circular  unit  of  cells  around  individual  crypt  open- 
ings. Normal  arrangement  of  surface  epithelium  was  lost  after  a  couple  of 
days  in  culture,  but  reappeared  after  a  week.  By  14  days  in  vitro,  few  crypt 
units  were  seen,  and  those  showed  a  bulging  surface  contour.  Organ  cultures 
retained  a  variable  number  of  glandular  crypts  after  21  to  28  days.  The 
system  provides  a  means  to  observe  differences  in  surface  structure  of 
normal  and  carcinogen-treated  cells,  and  whether  they  reflect  the  effects  of 
malignant  transformation. 

Protocols  for  exposure  of  colonic  cultures  to  carcinogen  were  developed. 
Intermittent  exposure  {e\jery   third  day  for  six  hours)  to  1.0  yg  N-methyl-N'- 
nitro-nitrosoguanidine  (MNNG)/ml  in  serum-free  culture  medium  provided  the 
most  consistant  and  significant  carcinogenic  effects.  Outgrowth  of  epi- 
thelial cells  occurred  from  the  explant  periphery  into  the  matrix  of  the 
fibrin  foam.  Epithelial  outgrowth  was  not  observed  in  untreated  explants 
or  cultures  continuously  exposed  to  MNNG.  The  degree  of  penetration  into 
the  matrix  correlated  well  with  increased  proliferating  activity  of  the 
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tissue.  Outgrowth  persisted  for  21  days.  Incorporation  of  [^H] thymidine 
was  observed  throughout  the  crypts  and  in  the  surface  cells  of  MNNG-treated 
cultures. 

The  development  of  a  technique  for  grafting  rat  colonic  tissue  subcutaneously 
into  the  backs  of  recipient  Fischer  rats  was  explored  for  the  purpose  of 
exposing  selected  areas  of  colonic  tissue  to  a  known  quantity  of  carcinogen 
for  a  predetermined  exposure  period.  Three  weeks  after  transplantation,  a 
well-established  vascular  bed  could  be  seen  around  the  colonic  grafts. 
Colonic  crypts  from  donor  animals  were  usually  shorter  than  recipient  rats. 
Thymidine-labeled  cells  in  transplanted  colonic  tissue  were  similar  to  that 
of  the  host  colonic  epithelial  cells. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Cancer  of  the  colon  is  currently  a  leading  cause  of  cancer-related  deaths 
in  the  United  States.  Certain  phases  of  carcinogenesis  research  require 
a  tool  that  does  not  involve  the  complexities  of  the  whole  animal.  Since 
many  carcinogenesis  studies  deal  with  cancerous  behavior  of  a  heterogeneous 
cell  population,  the  organ  culture  methodology  offers  a  unique  opportunity 
for  these  studies.  The  use  of  human  fibrin  foam  as  a  matrix  for  three- 
dimensional  organ  cultures  of  rat  colon  tissue  offers  an  improved  in  vitro 
model  --  one  that  combines  preservation  of  histological  architecture  both 
in  the  explant  and  outgrowth  cells.  By  optimizing  organ  culture  conditions, 
investigations  into  lesion  development  and  metabolism  can  be  made.  Since 
the  majority  of  colorectal  carcinogenesis  information  has  been  obtained  from 
studies  using  laboratory  rats,  emphasis  of  this  program  is  placed  on  the 
development  of  rat  colonic  organ  culture  methods  that  can  be  combined  with 
transplantation  into  appropriate  host  animal.  With  this  approach  we  hope  to 
obtain  more  information  concerning  the  mechanisms  of  chemical  carcinogen/host 
tissue  interaction. 

Proposed  Course: 

1.  To  determine  nutritional  requirements  of  adult  rat  colonic  mucosa  for 
development  of  long-term  organ  cultures  in  a  reduced-serum  or  serum-free 
medium. 

2.  To  study  neoplastic  transformation  of  colonic  epithelium  in  organ  culture, 
and  to  continue  development  of  criteria  for  transformation  of  such  cells. 

Date  Contract  Initiated:  September  30,  1977 

Current  Annual  Level :  0 

KENTUCKY.  UNIVERSITY  OF  (NOl-CP-75954) 

Title:  Studies  of  Carcinogenesis  in  Human  Tissues 

Contractor's  Project  Directors:  Dr.  H.  Earle  Swim 

Dr.  James  W.  Flesher 

Project  Officer  (NCI):  Dr.  Carl  E.  Smith 
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Objectives: 

1.  To  develop  methods  for  the  serial  propagation  of  epithelial  cells  from 
normal  human  tissues  with  emphasis  on  bladder. 

2.  To  develop  methods  for  'the  chemical  transformation  of  human  epithelial 
cells  in  vitro. 

3.  To  study  the  metabolism  of  various  classes  of  carcinogens  by  human 
epithelial  cells  propagated  in  vitro. 

Major  Findings:  The  following  human  tissues  obtained  through  the  kidney 
transplant  program  or  from  autopsies  have  been  studied:  bladder  8  and 
prostate  3. 

Serial  Propagation  of  Cells  Derived  from  Shake  Cultures.  --  Pieces  of  tissue 
(l-2mm3)  were  suspended  in  RPML  1640  supplemented  with  10%  fetal  calf  serum 
and  incubated  on  a  rotary  shaker  for  two  weeks.  Stationary  cultures  were 
established  from  the  shake  cultures,  either  by  planting  cells  recovered  from 
the  medium,  or  by  digesting  the  encapsulated  pieces  of  tissue  with  0.02% 
trypsin  and  collagenase.  These  cells  have  been  serially  propagated  in  a 
variety  of  media  and  exhibit  a  finite  lifespan  which  varies  with  the 
tissue  of  origin.  For  example,  three  of  the  bladder  cultures  had  a  growth 
capacity  for  20-35  doublings,  three  cultures  failed  to  proliferate  after 
10-12  doublings,  and  the  remaining  two  cultures  could  not  be  subcultured 
beyond  the  first  passage. 

Both  colonies  and  mass  cultures  derived  from  shake  cultures  contained  three 
size  classes  of  cells  (small=S;  medium=M;  and  large=L)  which  exhibit  epi- 
thelial-like morphology.  The  S  cells  had  a  dense  cytoplasm  and  tended  to 
proliferate  in  foci  or  ridges  even  in  cultures  prepared  with  monodisperse 
suspensions.  The  M  cells  were  mixed  with  the  S  and  were  about  twice  as 
large  (also  larger  nuclei)  and  tended  to  be  rectangular  with  dense  cyto- 
plasm in  the  nuclear  region  with  a  y/ery   clear  cytoplasm  at  either  end 
containing  many  paralled  "fibrils."  L  cells  were  found  largely  around  or 
between  developing  foci  of  S  and  M  cells.  They  were  fan-shaped  or  circular 
when  extended  (100-200y  in  diameter)  with  nuclei  which  approached  the  size 
of  the  whole  S  cells.  About  two  percent  of  the  M  cells  contained  two 
nuclei. 

Cultures  with  the  longest  lifespans  contained  predominantly  S  cells  when 
initiated.  The  relative  number  of  M  and  L  cells  increased  as  the  cells  were 
serially  passed,  and  were  the  predominant  cell  types  when  growth  ceased.  It 
is  of  interest  that  young  cultures  which  contained  a  relatively  high  pro- 
portion of  M  and  L  cells  had  short  lifespans.  L  cells  have  not  been  observed 
in  mitosis  and  there  was  some  question  as  to  whether  the  M  cells  divide.  All 
of  the  colonies  obtained  from  cells  derived  from  the  shake  culture  medium 
contained  all  three  cell  types.  The  overall  data  suggest  that  the  M  and  L 
cells  are  derived  from  S  cells  by  fusion. 

Cultures  of  Human  Prostate.  --  Cells  derived  from  shake  cultures  were  also 
serially  propagated,  and  the  lifespan  of  cultures  varied  with  the  age  of 
the  culture. 
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Additional  Studies  of  Bladder,  —  The  results  of  chromosomal  analysis  of  two 
strains  indicate  that  bladder  cells  maintain  the  normal  chromosome  number 
and  karyotype  for  at  lease  18-20  doublings  in  vitro.  These  strains  do  not 
grow  in  soft  agar  and  are  free  from  contamination  by  mycoplasma.  The  strains 
of  bladder  which  have  a  long  lifespan  have  a  generation  time  of  32-36  hours 
and  exhibit  a  \jer'y   low  saturation  density.  Strains  of  bladder  cells  have 
been  stored  successfully  in  liquid  nitrogen.  The  data  indicate  that  glycerol 
is  superior  to  dimethyl  sulfoxide  as  a  cryoprotective  agent.  A  variety  of 
media  and  supplements  have  been  tested  for  their  ability  to  increase  cloning 
efficiency  and  lifespan  of  bladder  cells.  A  combination  of  Cortisol,  putrecine, 
and  insulin  extended  the  lifespan  by  8  to  10  cell  doublings.  None  of  the 
formulations  tested  was  satisfactory  for  cloning  of  bladder  cells. 

Significance  to  Biomedical  Research  and  Program  of  the  Institute: 
Cultures  of  fibroblasts  derived  from  tissues  of  rodents  have  been  used 
extensively  as  in  vitro  models  for  studies  of  the  mechanism  of  chemical 
carcinogenesis.  On  the  other  hand,  information  has  been  available  for  many 
years  which  indicate  that  these  models  have  several  important  defects.  First, 
fibroblasts  from  rodents  are  genetically  unstable  and  undergo  spontaneous 
transformation  in  vitro  to  yield  malignant  cells  and  permanent  lines  with  a 
significant  frequency.  Human  fibroblasts  are  genetically  stable  and  display 
a  finite  lifespan  in  vitro  without  yielding  permanent  lines  of  altered  cells. 
Second,  it  is  clear  that  most  human  cancers  have  their  origin  in  epithelial 
cells.  Finally,  the  results  of  a  limited  number  of  experiments  indicate  that 
epithelial  cells  have  a  greater  capacity  than  fibroblast  to  activate  certain 
classes  of  procarcinogens.  Collectively,  these  data  illustrate  the  impor- 
tance of  directing  more  research  effort  to  the  development  of  in  vitro 
systems  derived  from  normal  human  epithelium.  The  results  of  experiments 
summarized  in  this  report  indicate  that  cells  with  a  gross  morphology  of 
epithelium  can  be  serially  propagated  in  vitro  from  normal  human  bladder  and 
prostate. 

Proposed  Course:  Project  has  been  completed. 

Date  Contract  Initiated:  September  30,  1977 

Current  Annual  Level :  0 

MARYLAND,  UNIVERSITY  OF  (NOl-CP-75947) 

Title:  Isolation,  Identification  and  Culture  of  Epithelial  Cell  Types  from 
Bronchus,  Pancreatic  Duct,  and  Colon  of  Experimental  Animals 

Contractor's  Project  Director:  Dr.  Raymond  T.  Jones 

Project  Officer  (NCI):  Dr.  Lea  I.  Sekely 

Objectives: 

1.  To  isolate  large  amounts  of  viable  bovine  pancreatic  ductal  epithelial 

cells  by  biophysical  methods. 
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2.  To  identify  the  isolated  epithelial  cells  as  well  as  endothelial  and 
fibroblastic  cells  by  high  resolution  light  microscopy,  cytology,  scanning 

and  electron  microscopy,  biochemical,  histochemical ,  and  immunological  methods. 

3.  To  maintain  the  isolated  bovine  pancreatic  ductal  epithelial  cells  in  cell 
culture. 

4.  To  do  the  above  with  small  amounts  (a  few  million  cells)  of  bovine  pan- 
creatic ductal  cells. 

Major  Findings:  Based  on  studies  conducted  over  the  past  months,  it  appears 
that  the  best  technique  for  the  isolation  and  growth  of  pancreatic  ductal 
epithelial  cells  is  one  which  allows  the  cells  to  be  isolated  from  the 
pancreatic  duct  in  sheets  or  clumps  with  a  minimal  amount  of  contamination 
of  other  cell  types  (i.e.,  fibroblasts,  endothelial  cells  or  acinar  cells). 
Techniques  such  as  those  described  by  other  investigators  which  are  classic 
techniques  for  the  isolation  of  acinar  cells  have  been  tried  by  the  contractor, 
who  has  also  published  a  technique  for  the  isolation  of  bovine  pancreatic 
ductal  epithelial  cells  by  scraping.  However,  this  technique  severely  damages 
the  isolated  cells  and  allows  the  epithelial  cells  to  be  contaminated  with 
other  cell  types  since  the  duct  is  dissected  free  from  the  pancreas  and  is 
placed  in  a  culture  dish  for  scraping.  This  allows  fibroblasts,  etc.,  which 
surround  the  duct  to  be  introduced  into  the  medium.  The  duct  was  scraped 
in  situ,  but  this  also  severely  damaged  the  epithelial  cells,  and  also  affords 
the  introduction  of  other  cell  types  into  the  isolation  medium  because  it  is 
impossible  to  know  just  how  hard  to  scrape  the  ducts.  Therefore,  the  contractor 
feels  that  the  digestion  technique  and  the  sponge  technique  are  the  two  best 
techniques  for  isolating  pancreatic  ductal  epithelial  cells  which  subsequently 
will  grow  in  cell  culture.  It  is  the  contractor's  contention,  and  that  of 
some  other  investigators,  that  the  junctional  complexes  must  be  maintained 
between  epithelial  cells  for  them  to  be  most  successful  in  growing  under 
tissue  culture  conditions. 

Both  the  number  of  cells  isolated  per  cm^  and  the  percent  viability  have  been 
increased  over  what  was  obtained  during  the  previous  years  of  the  contract. 
The  isolated  cells  as  well  as  cells  that  have  been  cultured  under  various 
conditions  have  been  studied  by  high  resolution  light  microscopy,  transmission 
and  scanning  electron  microscopy,  and  by  histochemical  techniques.  The 
contractor  is  now  in  the  process  of  quantifying  the  results  and  further 
characterizing  these  cells. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

As  carcinoma  of  the  pancreas  is  the  fifth  leading  cause  of  cancer  death  in 

the  United  States,  the  development  of  model  systems  is  extremely  important. 

Proposed  Course: 

1.  To  continue  the  on-going  studies  involving  the  isolation  of  bovine  pan- 
creatic ductal  epithelial  cells,  and  continue  to  search  for  additional  markers 
for  bovine  pancreatic  ductal  epithelial  cells. 

2.  To  develop  methods  to  quantify  the  sheets  and  clumps  of  cells. 

In  addition  to  these  studies,  the  contractor  will  continue  testing  various 
media  in  attempts  to  determine  which  medium  is  the  best  for  the  growth  of 
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pancreatic  ductal  cells,  and  will  bring  to  completion  all  studies  mentioned  in 
the  original  proposal. 

Date  Contract  Initiated:  .September  29,  1977 

Current  Annual  Level :  0 

THE  MIDDLESEX  HOSPITAL  MEDICAL  SCHOOL  (NOl-CP-75955) 
Title:  Studies  of  Carcinogenesis  in  Human  Tissues 
Contractor's  Project  Director:  Dr.  R.  Marian  Hicks 
Project  Officer  (NCI):  Dr.  Lea  I.  Sekely 

Objectives: 

1.  To  obtain  viable  normal  tissue  with  intact  urothelium  supported  by 
mesenchyme  from  human  bladders, 

2.  To  establish  long-term  (2-4  months)  in  vitro  organ  cultures  of  normal 
human  bladder  explants,  and  to  establish  cell  cultures  in  parallel  if  possible. 

3.  To  determine  the  parameters  for  normal  growth  of  human  urothelium  in  vitro 
in  organ  culture  by  comparison  with  parameters  already  established  for  rat 
bladder  explants  in  vitro  in  rat  and  human  bladder  in  vivo. 

4.  To  apply  methods  of  experimental  carcinogenesis  already  developed  in  vivo 
and  in  vitro  for  the  rat,  to  the  induction  of  carcinogenesis  in  human  bladder 
explants  cultured  in  vitro  and  to  study  the  changes  in  the  parameters 
established  in  3,  above. 

5.  To  adapt  methods  developed  with  other  organ  systems  to  follow  the  uptake 
and  metabolism  of  labeled  direct-acting  carcinogens  on  the  urothelium. 

6.  To  investigate  in  human  bladder  explants  the  effect  of  carcinogens 
known  to  be  organotropic  for  the  bladder  in  the  rat. 

7.  To  investigate  the  effect  of  anti-carcinogens,  e.g.,  13-cis-retinoic  acid, 
on  neoplastic  change  in  human  bladder  explants  in  vitro. 

8.  To  investigate  the  effect  on  human  urothelium  of  compounds  known  to  be 
found  in  human  urine  which  could  have  a  direct  carcinogenic  or  co-carcinogenic 
effect,  e.g.,  saccharin  and  cyclamate. 

9.  To  investigate  the  ability  of  human  bladder  to  metabolize  urine-borne 
compounds  such  as  dimethylnitrosamine,  which  are  potentially  carcinogenic, 
but  which  in  animals  are  normally  metabolized  to  their  active  carcinogenic 
metabolites  in  the  liver. 

10.  To  perform  xenotransplantation  of  both  untreated  and  carcinogen-treated 
human  bladder  explants  into  immune  suppressed  animals  or  hamster  cheek 
pouches,  to  confirm  that  malignant  transformation  has  occurred  in  those 
cultures  deemed  to  have  neoplastic  growth  patterns  and  subcellular  markers 
of  mal ignancy. 

Major  Findings: 

The  investigators  have  succeeded  in  obtaining  more  than  200  specimens  of 
viable  human  bladder  tissue  and  maintained  them  in  organ  culture.  Many  of 
these  (136)  were  obtained  from  patients  with  a  history  of  chronic  retention, 
particularly  those  undergoing  retropubic  prostatectomy.  It  had  been 
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anticipated  that  such  patients  would  be  a  useful  source  of  normal  urothelium 
for  culture.  However,  only  11.7%  yielded  tissue  which  was  normal  by  morpho- 
logical criteria,  whereas  53%  had  immature  surface  cells,  82%  had  hyperplasias 
and  47%  showed  some  degree  of  dysplasia.  It  is  concluded  that  patients  with 
chronic  retention  are  not  an  appropriate  source  of  normal  urothelium. 

By  contrast,  histologically  and  ultrastructurally  normal  urothelium  has-been 
regularly  found  in  biopsies  from  patients  with  conditions  not  associated  with 
urine  retention  or  neoplasia  of  the  low  urinary  tract.  The  specimens  were 
assessed  by  both  routine  histological  techniques  and  by  transmission  and 
scanning  electron  microscopy.  Thus,  a  regular  supply  of  normally  differentiated, 
mature  urothelium  from  appropriately  selected  patients  has  been  established. 

The  investigators  demonstrated  that  the  most  suitable  medium  for  culturing 
normal  human  bladder  explants  is  a  modification  of  Hams  F12  nutrient  mixture. 
Specific  effects  of  individual  supplements  were  identified.  FeSO^  improved 
the  speed  and  final  state  of  maturation.  Hydrocortisone  helped  tS  maintain 
the  thickness  of  the  epithelium  and  increase  surface  maturity,  while  ascorbic 
acid  markedly  inhibited  maturation. 

Normal  human  urothelial  cultures  can  be  maintained  for  nearly  three  months  in 
good  condition  and  with  normal  cell  differentiation  in  all  cell  layers  in  this 
optimal  medium.  No  drastic  alterations  in  growth  or  morphology  of  tissue  were 
observed. 

The  parameters  for  normal  growth  of  these  human  explant  cultures  were  assessed 
by  comparison  with  rat  bladder  explants  in  vitro  and  with  normal  rat  and 
human  bladder  tissue  in  vivo.  In  order  to  assess  viability  of  the  culture 
without  having  to  kill  it  (i.e.,  fix  and  process  it  for  histological  examina- 
tion), viability  was  judged  by  studying  the  cytology  of  exfoliated  cells 
recovered  from  the  medium. 

The  investigators  have  successfully  established  primary  explant  cultures 
from  chopped  human  bladder  mucosa.  Outgrowths  of  predominantly  epithelial 
cells  have  been  obtained  and  maintained  for  up  to  50  days.  Viable  epithelial 
cell  outgrowths  have  also  been  obtained  from  organ  cultures  planted  onto 
scratched  plastic  or  collagen  gel.  Such  outgrowths  consisted  entirely  of 
epithelial  cells.  Also,  viable,  intact  sheets  of  urothelium  can  be  removed 
from  the  supporting  stroma  by  incubation  in  buffered  trypsin.  These  sheets 
of  urothelium  will  be  used  for  other  experiments. 

In  preparation  for  in  vitro  carcinogenesis  studies,  the  investigators  have 
been  developing  a  suitable  xenotransplantation  system  for  human  bladder  tissue. 
The  hamster  cheek  pouch  was  demonstrated  to  be  unsuitable  for  growing  human 
bladder  tissue.  Currently,  a  mouse  system  using  neonatal ly  thymectomized, 
X-irradiated  mice  protected  with  cytosine  arabinoside  has  been  developed.  In 
this  animal  recipient,  cell  lines  derived  both  from  rat  tumors  and  from 
"spontaneous"  human  bladder  carcinomas  have  been  successfully  grown.  The 
investigators  are  now  ready  to  xenotransplant  both  untreated  and  carcinogen- 
treated  bladder  explants  into  the  irradiated  thymectomized  mice  to  assess  the 
induction  of  malignant  transformation  in  vitro. 
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Significance  to  Medical  Research  and  the  Program  of  the  Institute: 
The  in  vitro  human  bladder  model  being  developed  by  the  contractor  should 
provide  an  alternative  or  parallel  system  to  experimental  laboratory  animals 
for  assessing  biological  changes  associated  with  the  biogenesis  of  bladder 
cancer,  and  for  investigating  the  biochemical  action  of  known  carcinogens 
on  human  bladder  tissue. 

Proposed  Course:  The  results  of  treating  human  bladder  cultures  with  the 
direct-acting  carcinogenic  nitrosamide,  N-methyl-N-nitrosourea  will  be 
analyzed  in  the  next  few  months. 

Human  bladder  explant  cultures,  already  treated  with  benzo(a)pyrene,  will  be 
analyzed  to  determine  whether  there  has  been  any  reaction  of  this  known 
carcinogen  with  the  urothelial  cell  DNA. 

The  DNA-binding  and  metabolism  of  a  variety  of  carcinogens  will  be  investi- 
gated in  both  cultured  material  and  biopsies  of  human  bladder. 

Carcinogen-treated  cultures  which  demonstrate  signs  of  neoplastic  transforma- 
tion, judged  by  assessment  of  their  histology  and  presence  or  absence  of 
neoplastic  markers,  will  be  xenotranspl anted  into  irradiated  thymectomized 
mice  and  their  growth  potential  in  this  animal  host  assessed. 

Date  Contract  Initiated:  July  30,  1977 

Current  Annual  Level :  $157,000 

NEBRASKA,  UNIVERSITY  OF  (EPPLEY  INSTITUTE  FOR  RESEARCH  IN  CANCER  AND 
ALLIED  DISEASES)  (NQl  CP-33278) 

Title:  Environmental  Carcinogenesis  Research  and  Bioassays 

Contractor's  Project  Director:  Dr.  David  B.  Clayson 

Project  Officers  (NCI):  Dr.  David  G.  Longfellow 

Dr.  Carl  E.  Smith 

Objectives:  The  bioassay  of  suspected  chemical  carcinogens,  definition  of 
the  biological  and  chemical  mechanisms  of  the  carcinogenesis  process  and 
the  analysis  of  trace  levels  of  environmental  carcinogens  are  three  principal 
research  aims  under  this  contract. 

Major  Findings:  Several  long-term  animal  studies  of  carcinogenesis  are  in 
their  final  stages  of  completion.  These  studies  are  in  the  area  of  pancreatic 
and  hormonal  carcinogenesis.  In  both  of  these  areas,  final  histopathologic 
analyses  are  underway.  It  is  too  early  to  present  results  at  this  time  on 
these  still  incomplete  pathologic  analyses. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  definition  of  the  biochemical  and  chemical  mechanisms  of  the  carcinogenic 
process  as  well  as  the  trace  levels  of  environmental  carcinogens  are  of  major 
importance  to  the  mission  of  the  Cancer  Program. 
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Proposed  Course:  This  contract  will  be  completed  by  November  15,  1980. 
Date  Contract  Initiated:  March  19,  1968. 
Current  Annual  Level :  0 

NEBRASKA,  UNIVERSITY  OF  (EPPLEY  INSTITUTE  FOR  RESEARCH  IN  CANCER  AND  ALLIED 
DISEASES)  (NOl-CP-05620)  (  Formerly  NOl-CP-33278) 

Title:  Studies  on  Environmental  Carcinogenesis  Research  and  Bioassays 
(Skin  Studies) 

Contractor's  Project  Director:  Dr.  Ercole  L.  Cavalieri 

Project  Officer  (NCI):  Dr.  David  G.  Longfellow 

Objectives:  To  study  the  mechanisms  of  carcinogenesis  of  polycyclic 
aromatic  hydrocarbons. 

Major  Findings: 

1.  Studies  of  the  horseradish  peroxidase  HRP/H202-catalyzed  binding  of  PAH  to 
DNA  have  been  extended  to  gain  further  insight  into  the  mechanism  of  activation. 
Reaction  mixtures  were  examined  by  HPLC  to  identify  any  metabolites  possibly 
formed  during  activation  and  binding  of  [^'*C]BP  to  DNA.  Using  authentic  sam- 
ples of  various  metabolites  of  BP,  including  BP-6-0H,  BP  7,8-diol  and  BP  qui- 
nones  as  HPLC  markers,  no  metabolites  of  [i'+C]BP  were  detected  after  a  30  min- 
ute incubation  and  extraction  into  benzene  or  ethyl  acetate/acetone.  Recovery 
of  ^'^C  was  100%,  and  over  90%  of  added  authentic  BP-6-0H  carried  through  the 
extraction  and  HPLC  was  recovered.  These  results  demonstrate  that  the  HRP- 
catalyzed  binding  of  BP  is  not  occurring  by  formation  of  BP-6-0H  and  provide 
further  support  for  the  hypothesis  that  the  HRP/H2O2  system  activates  BP 

by  one-electron  oxidation.  Preliminary  results  from  similar  studies  with 
BP-6-CH3  also  indicate  that  no  metabolites,  in  particular  BP-6-CH2OH,  are 
formed  during  activation  and  binding  to  DNA. 

2.  The  non-enzymatic  ATP-mediated  activation  and  binding  of  hydroxymethyl 
PAH  to  nucleic  acids  is  affected  by  both  the  nature  of  the  PAH  and  the  con- 
figuration of  the  nucleic  acid.  [i'+C]BP-6-CH20H  is  bound  to  DNA  10-fold  more 
than  [^"^ClBA-y-CHjOH  is,  while  [i'+C]benzyl  alcohol  is  not  activated  at  all  by 
ATP.  Thus,  the  extent  of  binding  depends  upon  the  stability  of  the  intermedi- 
ate benzyl ic  carbonium  ion.  BP-6-CH2OH  and  BA-7CH2OH  bind  considerably  better 
to  native  DNA  than  to  RNA  or  denatured  DNA.  Although  phosphoenol  pyruvate  con- 
tains a  high  energy  phosphate  bond,  this  compound  cannot  substitute  for  ATP  or 
ADP  in  mediating  the  binding  of  either  PAH  to  DNA. 

The  pH  of  the  reaction  mixture  has  a  profound  effect  on  the  extent  of 

binding  to  DNA,  with  no  significant  binding  above  pH  7.  Binding  of  BP-6-CH2OH 

is  greatest  in  sodium  acetate,  pH  3.5,  while  binding  of  BA-7-CH2OH  is 

maximal  in  phosphate  buffer,  pH  5.5.  Both  phosphate  buffer  and  sodium  acetate 

mediate  some  binding  without  the  presence  of  ATP  at  lower  pHs. 
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With  ATP  activation  BP-6-CH2OH  is  mutagenic  to  Salmonella  typhimurium  strain 
TA98  in  the  Ames  assay  but  not  to  strain  TAIOO.  When  strain  TA98  is  grown 
in  the  presence  of  [i'+C]BP-6-CH20H,  binding  of  the  PAH  to  bacterial  DNA  is 
observed.  This  system  is  being  studied  to  elucidate  the  relationship  between 
binding  to  DNA  and  mutagenesis. 

3.  Two  compounds,  6-methylanthanthrene  and  6,12-dimethylanthanthrene,  were 
tested  in  mouse  skin  for  carcinogenicity  in  relation  to  the  parent  compound 
by  initiation-promotion  and  repeated  application  in  CD-I  mice.  Only 
6-methylanthanthrene-treated  mice,  after  70  experimental  weeks  by  repeated 
application,  showed  a  tumor  incidence  of  48%  and  4%  at  the  high  and  low  doses, 
respectively.  Both  6-methylanthanthrene  and  6,12-dimethylanthanthrene 
displayed,  by  initiation-promotion  after  40  weeks  of  treatment  with  phorbol 
ester,  tumor-initiating  activity  at  three  dose  levels,  while  the  parent 
hydrocarbon  was  inactive.  These  findings  are  consistent  with  previously 
reported  results  on  the  carcinogenicity  of  subcutaneous  injections  of  these 
two  methyl  derivatives  in  rats  (Lacassagne  et  al_.  CR  Acad.  Sci.,  Paris 
246:1477. )  In  this  case  the  activity  of  the  two  compounds  cannot  be  attrib- 
uted to  formation  of  diol  epoxides,  since  anthanthrene  does  not  have  a  bay 
region. 

4.  The  separation  of  the  metabolic  products  of  [^'*C]7-methylbenz[a]-anthra- 
cene  (BA-7-CH3),  formed  by  Swiss  mouse  skin  microsomes  from  uninduced  or 
BA-7-CH3-induced  mice,  was  obtained  by  reverse  phase  HPLC.  These  experiments 
were  performed  in  mice  aged  8,  13  and  18  weeks,  respectively.  Four  metabolic 
products  were  identified  by  comparison  with  authentic  samples:  the  BA-7-CH3, 
3,4-,  5,6-  and  8,9-dihydrodiol s,  and  BA-7-CH2OH.  Besides  these  metabolites, 
two  unidentified  products,  less  polar  than  BA-7-CH3-OH,  were  detected. 

This  study  showed  the  wide  difference  in  metabolic  profiles  in  mice  of  dif- 
ferent ages,  as  well  as  the  various  degrees  of  inducibility  of  the  different 
metabolites.  The  latter  factor  varied  also  in  function  of  the  age  of  the  mice. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  complexity  of  polycyclic  aromatic  hydrocarbon  (PAH)  carcinogenesis  can 
best  be  understood  in  terms  of  multiple  mechanisms  of  activation.  The  data 
presently  available  indicate  the  important  role  of  diol  epoxides  as  ultimate 
carcinogenic  metabolites.  The  main  objective  has  been  to  determine  the  role 
of  PAH  radical  cations  and  PAH  hydroxymethyl  esters  in  PAH  carcinogenesis.  The 
discovery  of  the  basic  mechanisms  of  tumor  initiation  of  these  compounds  is 
fundamental  in  terms  of  understanding  the  multistage  induction  process  of  cancer 
formation,  as  well  as  of  devising  some  strategy  of  possible  prevention. 

Proposed  Course:  The  contract  will  be  completed  by  November  15,  1980 

Date  Contract  Initiated:  March  19,  1968 

Current  Annual  Level :  $184,870 
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NEBRASKA.  UNIVERSITY  OF  (EPPLEY  INSTITUTE  FOR  RESEARCH  IN  CANCER  AND  ALLIED 
DISEASES)  (N01-CP-05621)  (Formerly  N01-CP-332787 

Title:  Studies  on  Developing  Methods  and  on  Causative  Factors  in  Intestinal 
Carcinogenesis 

Contractor's  Project  Director:  Dr.  Bel  a  Toth 

Project  Officer  (NCI):  Dr.  Carl  E.  Smith 

Objectives:  The  specific  purpose  of  the  contract  efforts  is  to  develop 
appropriate  models  for  colon  carcinogenesis  in  mice  in  which  carcinogenic 
exposure  more  nearly  approximates  possible  human  exposure;  an  additional 
objective  is  to  investigate  possible  modifying  factors  for  development  of 
intestinal  neoplasia. 

Major  Findings:  Benzo(a)pyrene  (BP)  was  administered  to  Swiss  mice  in  1  and 
10  weekly  intracolonic  instillations  at  200yg  body  weight.  The  single  admin- 
istration of  BP  induced  a  statistically  significant  incidence  of  malignant 
lymphomas  and  tumors  of  the  forestomach,  while  its  repeated  instillation 
evoked,  in  addition  to  these  two  tumor  types,  neoplasms  in  the  esophagus, 
anus,  and  skin.  BP  failed  to  elicit  intestinal  tumors,  which  was  the  main 
objective  of  the  present  investigation.  The  various  experimental  conditions 
under  which  studies  were  conducted  are  described  with  this  most  versatile 
and  widely  occurring  carcinogen,  to  which  a  large  segment  of  the  human  popu- 
lation is  exposed. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institution: 
Carcinogenesis  systems  more  closely  modeling  the  human  experience  are  criti- 
cally needed  for  basic  studies  of  cancer  development  and  approaches  to  anti- 
care  inogenes  is. 

Proposed  Course:  It  is  a  phase-out  contract,  and  the  on-going  studies  should 
be  evaluated  by  the  end  of  the  contract  year. 

Date  Contract  Initiated:  March  19,  196S 

Current  Annual  Level :  $68,090 

NEBRASKA.  UNIVERSITY  OF  (EPPLEY  INSTITUTE  FOR  RESEARCH  IN  CANCER  AND  ALLIED 
DISEASES)  (N01-CP-05622)  (Formerly  N01-CP-33278T 

Title:  Action  of  Tryptophan  on  the  Bladder 

Contractor's  Project  Director:  Dr.  Terence  Lawson 

Project  Officer  (NCI):  Dr.  Carl  E.  Smith 
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Objectives:  Determination  of  the  effects  of  subchronic  administration  of 
N-hydroxy  derivatives  of  tryptophan  upon  bladder  epithelial  cell  prolifer- 
ation. Determination  of  preliminary  pharmacokinetic  data  on  blood  and  urine 
levels  of  these  compounds.  ' 

Major  Findings:  This  proposal  analyzes  the  theory  that  the  carcinogenic 
action  of  tryptophan  metabolites  to  the  urinary  bladder  is  mediated  through 
their  N-hydroxy  derivatives.  We  have  synthesized  one  of  these,  N-hydroxy- 
anthranilic  acid  (NHA).  The  LD50  of  NHA  in  male  and  female  rats  has  been 
found  to  be  500mg/kg:  when  given  in  single  large  doses  (50  and  200  mg/kg; 
i.p.),  it  produced  an  increase  in  bladder  epithelial  DNA  synthesis  in  male 
rats.  DNA  synthesis  in  the  bladder  is  normally  at  a  \jery   low  level.  The 
ability  of  chemicals  to  produce  these  sort  of  changes  has  correlated  with 
the  carcinogenicity  of  the  particular  chemical  to  the  bladder  epithelium. 
Given  orally  NHA  was  without  effect  in  the  bladder,  indicating  destruction 
either  in  the  stomach  or  small  intestine.  NHA  is  also  ineffective  in  male 
rats. 

Currently  we  are  examining  the  effect  of  sub-chronic  (10  daily  injections) 
of  low  doses  of  NHA  (up  to  1%  LD50)  on  bladder  epithelial  proliferation.  As 
yet  no  effect  has  been  found. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
These  experiments  represent  a  new  approach  to  the  possible  involvement  of 
tryptophan  in  bladder  carcinogenesis. 

Proposed  Course:  The  project  is  in  its  final  stages  and  will  be  completed 
by  November  15,  1980. 

Date  Contract  Initiated:  March  19,  1968 

Current  Annual  Level :  $20,016 

NEBRASKA,  UNIVERSITY  OF  (EPPLEY  INSTITUTE  FOR  RESEARCH  IN  CANCER  AND  ALLIED 
DISEASES)  (NOl-CP-05623)  (Formerly  N01-CP-33278y 

Title:  A  Study  of  Prenatal  Carcinogenicity  of  Anti -Fertility  Drugs: 
Enovid-E,  Loestrin,  Micronor,  Oracon,  and  Estradiol -B 

Contractor's  Project  Director:  Dr.  Mario  Rustia 

Project  Officer  (NCI):  Dr.  Carl  E.  Smith 

Objectives:  To  evaluate  for  carcinogenic  response,  selected  contraceptive 
drugs  administered  prenatally  and  postnatally  in  the  hamster. 

Major  Findings:  The  anti-fertility  drugs  selected  for  study  were  Enovid-E, 
Oracon,  Loestrin,  and  Norethindrone,  as  well  as  the  natural  estrogen, 
estradiol-17e.  All  the  test  animals  are  dead,  all  tissues  cut,  processed, 
and  slides  prepared  for  histopathological  evaluation.  Results  are  available 
thus  far  only  for  Enovid-E.  This  contraceptive  drug  fed  daily  in  the  diet 
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for  life  results  in  significantly  higher  average  tumor  incidences  (tumors  of 
any  type)  in  both  males  and  females  than  in  control  groups.  In  females,  the 
increase  in  tumor  incidence  is  primarily  due  to  a  significant  frequency  of 
uterine  polyps.  Most  of  these  benign  tumors  were  associated  with  glandular 
cystic  hyperplasia  and  multiple  polypoid  projections.  Hyperplastic  and 
metaplastic  lesions,  considered  potentially  malignant,  were  frequently 
encountered,  occasionally  with  atypia.  In  general,  this  contraceptive  af- 
fected primarily  target  tissues  or  organs  that  are  under  the  endocrine  control 
of  steroid  hormones. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Contraceptive  drugs  of  this  type  have  had  widespread  human  use.  Several  anti- 
fertility  drugs  are  known  to  be  tumori genie  in  mice,  and  estrogens  are  known 
to  have  transplacental  carcinogenic  activity  in  humans.  The  hamster  is 
sensitive  to  estrogens  and  responds  readily  by  neoplastic  development.  For 
these  reasons  and  since  the  chronological  order  of  different  developmental 
stages  during  prenatal  ontogenetic  development  is  well-known  in  the  hamster, 
continued  study  of  these  compounds  in  this  species  for  possible  developmental 
abnormalities  or  neoplastic  effects  is  of  the  highest  importance. 

Proposed  Course:  The  project  is  in  its  final  stages  with  histopathological 
analyses  and  data  evaluation  to  be  completed. 

Date  Contract  Initiated:  March  19,  1968 

Current  Annual  Level :  $58,469 

NEBRASKA,  UNIVERSITY  OF  (EPPLEY  INSTITUTE  FOR  RESEARCH  IN  CANCER  AND  ALLIED 
DISEASES)  (NOl-CP-05624)  (Formerly  N01-CP-33278y 

Ti tl e :  The  Effect  of  Oral  Contraceptive  Steroid  Treatment  on  Carcinogen 
Metabolism  in  Rats  and  Hamsters 

Contractor's  Project  Director:  Dr.  Ralph  Gingell 

Project  Officer  (NCI):  Dr.  Carl  E.  Smith 

Objectives:  To  account  for  the  observation  that  female  hamsters  maintained 
on  Enovid,  or  treated  transplacental ly  with  diethylstilbestrol  (DES),  develop 
a  much  higher  incidence  of  mammary  tumors  when  also  exposed  to  7,12-dimethyl- 
benz-anthracene  (DMBA)  than  hamsters  exposed  to  DMBA  alone. 

Major  Findings:  No  overt  differences  were  observed  in  the  in  vivo  metabolism 
and  distribution  of  DMBA  in  hamsters  as  a  result  of  hormone  pretreatment, 
although  Enovid  did  induce  cholestasis  in  rats.  Also,  in  vivo  hepatic  and 
mammary  aryl  hydrocarbon  hydroxylase  activities  were  not  affected  by  these 
hormone  pretreatments,  although  other  known  modifiers  of  metabolism  were 
effective.  Metabolic  activity  in  the  tissues  of  the  rat,  which  is  ^ery 
sensitive  to  DMBA- induced  mammary  tumors,  is  much  less  than  that  observed  in 
the  same  tissues  of  the  hamster.  These  results  suggest  that  any  effect  of 
hormone  pretreatment  may  be  on  the  qualitative  nature  of  DMBA  metabolites. 
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Mammary  DNA  synthesis,  as  measured  by  thymidine  incorporation,  varied  with 
the  day  of  the  estrous  cycle  in  young  animals,  and  this  variation  was  abol- 
ished by  acute  Enovid  pretreatment.  Neither  the  overall  extent  nor  persistence 
of  binding  of  DMBA  to  mammary  DNA  was  different  in  the  control,  Enovid,  or 
DES  pretreated  animals.  Thus  the  difference  in  mammary  tumor  induction  by 
DMBA  in  animals  in  these  different  hormonal  states  may  be  associated  with 
the  qualitative  nature  of  the  bound  adducts. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Experimental  studies  of  mechanisms  of  mammary  tumor  induction,  and  factors 
which  may  modify  this  mechanism,  may  yield  information  important  to  the 
understanding  of  the  cause  of  the  human  disease,  and  thus  to  potential  pre- 
ventative measures. 

Proposed  Course:  To  examine  the  nature  of  metabolites  of  certain  mammary 
carcinogens  (benzo(a)pyrene  and  DMBA)  in  both  in  vitro  hepatic  and  mammary 
preparations  from  rats  and  hamsters.  Differences  in  the  nature  of  metabolites 
may  relate  to  the  species  differences  in  carcinogenesis  in  these  organs. 

Date  Contract  Initiated:  March  19,  1968 

Current  Annual  Level:  $61 ,600 

NEBRASKA,  UNIVERSITY  OF  (EPPLEY  INSTITUTE  FOR  RESEARCH  IN  CANCER  AND  ALLIED 
DISEASES)  (NOl-CP-05625)   (Formerly  NOl-CP-33278) 

Title:  Establishment  of  Mouse  Urinary  Bladder  Epithelial  Cells  in  Culture 

Contractor's  Project  Director:  Dr.  Linda  E.  Malick 

Project  Officer  (NCI):  Dr.  David  Longfellow 

Objectives:  Urinary  bladder  epithelium  was  initially  proposed  as  a  source  of 
epithelial  cells  to  be  used  in  culture  for  studies  in  chemical  carcinogenesis, 
since  it  is  apparent  that  many  urinary  bladder  cancers  in  man  can  be  related 
to  exposure  to  environmental  hazards.  A  prime  objective  was  to  develop  a 
urinary  bladder  epithelial  cell-mediated  mutagenesis  system  using  Chinese 
hamster  V79  cells  as  the  mutable  indicators.  This  system  would  provide  a 
means  of  studying  the  ability  of  bladder  epithelial  cells  to  metabolize 
potential  and/or  known  carcinogens  to  their  activated  forms,  thus  providing 
a  system  for  examination  of  their  mechanisms  of  action. 

Major  Findings:  Potential  and  known  chemical  carcinogens  tested  for  meta- 
bolic activation  by  urinary  bladder  epithelial  cells  in  the  presence  of  V79 
cells  were  also  accompanied  by  corresponding  tests  on  V79  cells  without 
bladder  cell  activation.  7,12-Dimethylbenz(a)anthracene,  benzo(a)pyrene, 
dimethyl nitrosamine,  and  g-napthylamine  produced  a  significant  number  of 
mutants  with  bladder  cells  present,  and  few  or  no  mutants  when  V79  cells 
alone  were  treated  in  the  same  tests.  This  demonstrates  that  the  urinary 
bladder  epithelial  cells  have  the  capacity  to  metabolize  substances  from 
different  chemical  groups  to  their  active  (mutagenic)  forms.  Comparative 
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tests  with  different  species  indicate  that  there  may  be  species  differences 
in  the  metabolizing  ability  of  urinary  bladder  epithelial  cells  from  mouse, 
rat,  and  cow.  Results  also  indicate  that  cell-cell  interactions  may  play  a 
significant  role  in  cell-mediated  mutagenesis  systems.  The  ability  of  some 
glycoproteins  to  enhance  the  mutagenic  response  is  being  investigated. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Use  of  urinary  bladder  epithelium  and  other  cell  types  in  tissue  culture  pro- 
vide a  means  of  determining  the  effect  of  chemical  carcinogens,  hormones, 
drugs,  and  other  substances  on  specific  organ  and  cell  types  with  the  aim  of 
providing  a  better  understanding  of  the  cellular  mechanisms  and  biological 
properties  involved  in  carcinogen-induced  cell  alterations.  Investigation 
of  methods  to  enhance  cell -mediated  mutagenesis  levels  would  increase  the 
sensitivity  of  such  assay  systems,  providing  a  better  means  of  detecting 
substances  potentially  hazardous  to  humans. 

Proposed  Course:  Testing  of  known  and  potential  chemical  carcinogens  in  cell- 
mediated  mutagenesis  systems  will  continue,  and  the  means  of  enhancing  the 
sensitivity  of  such  assay  systems  will  continue  to  be  investigated. 

Date  Contract  Initiated:  March  19,  1968 

Current  Annual  Level :  $26,704 

NEBRASKA,  UNIVERSITY  OF  (EPPLEY  INSTITUTE  FOR  RESEARCH  IN  CANCER  AND  ALLIED 
DISEASES)  (NOl-CP-05627)  (Formerly  N01-CP-33278T 

Title:  Activation  and  Transport  of  N-Nitrosamines  and  Their  Metabolites 

Contractor's  Project  Director:  Dr.  Barry  Gold 

Project  Officer  (NCI):  Dr.  David  Longfellow 

Objectives:  The  objective  of  this  project  is  to  obtain  additional  evidence 
for  the  implication  of  the  a-hydroxylation  theory  for  the  metabolic  activation 
of  dialkyl  and  alkyl-arylnitrosamines. 

Major  Findings:  The  contractor  has  reported  that  a-hydroxynitrosamines,  the 
proposed  critical  metabolites  in  dialkylnitrosamine  carcinogenesis,  decompose 
via  syn-alkyldi azotic  acid,  and  may  be  "transportable"  metabolic  forms  re- 
sponsible for  alkylation  of  nuclear  DNA  upon  in  vivo  administration  of  nitro- 
samines.  They  have  carried  out  experiments  to  determine  if  N[-nitrosamines 
can  be  activated  by  enzyme(s)  associated  with  the  nuclear  membrane.  Using 
dimethyl nitrosamine,  diethyl nitrosamine,  and  nitrosopyrrolidine,  it  was 
demonstrated  that  purified  intact  nuclei  can  convert  dialkylnitrosamines  into 
reactive  electrophil ic  species.  The  testing  of  phenyl diazonium  tetrafluoro- 
borate  and  a-acetoxymethyl phenyl nitrosamine  in  hamsters  is  being  completed. 
Both  compounds  appear  to  be  weak  carcinogens. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Chemical  and  biological  experiments  are  proposed  to  elucidate  the  reasons  why 
nitrosamines  cause  cancer.  An  understanding  of  the  reasons  may  make  it 
possible  to  prevent  the  initiation  of  cancer  in  man. 

Proposed  Course: 

1.  The  further  study  of  the  concept  of  transportability  using  a-hydroxy- 
nitrosamines,  prepared  in  situ,  and  their  ability  to  penetrate  nuclear 
membranes. 

2.  The  chronic  testing  and  histopathological  investigation  of  phenyl diazonium 
tetrafluoroborate  by  subcutaneous  and  per  os  administration  in  hamsters.  This 
compound  should  be  the  ultimate  carcinogenic  form  of  methyl  phenyl nitrosamine. 
Chronic  testing  will  also  be  conducted  of  a-acetoxymethyl phenyl nitrosamine 

by  subcutaneous  injection  in  hamsters.  This  compound,  according  to  the 
a-hydroxylation  theory,  should  afford  tumors  at  the  site  of  administration. 

Date  Contract  Initiated:  March  19,  1968 

Current  Annual  Level :  $53,723 

NEBRASKA  ,  UNIVERSITY  OF  (EPPLEY  INSTITUTE  FOR  RESEARCH  IN  CANCER  AND  ALLIED 
DISEASES)  (NOl-CP-05628)   (Formerly  NOl-CP-33278) 

Title:  The  Possible  Influence  of  Diet  in  Carcinogenesis 

Contractor's  Project  Director:  Dr.  Diane  D.  Birt 

Project  Officer  (NCI):  Dr.  Carl  E.  Smith 

Objectives: 

1.  Establish  three  levels  of  a  well-utilized  protein  for  the  Syrian  golden 
hamster.  These  levels  will  be  close  to  the  requirement,  slightly  below  the 
requirement,  and  in  excess  of  the  requirement.  Once  established  in  preliminary 
studies  these  levels  will  be  fed  in  chronic  studies. 

2.  Study  the  influence  of  level  of  dietary  protein  on  spontaneous  tumors  in 
the  Syrian  golden  hamster. 

3.  Evaluate  the  effects  of  dietary  protein  on  spontaneous  diseases  in  two 
generations  of  hamsters,  thereby  following  animals  exposed  to  the  three  diets 
during  fetal  growth,  lactation,  and  through  post-weaning  life  in  addition  to 
following  animals  exposed  throughout  post-weaning  life. 

4.  Investigate  the  utilization  of  three  levels  of  dietary  protein  in  two 
generations  of  hamsters.  Protein  utilization  will  be  evaluated  by  following 
carcass  nitrogen,  serum  proteins,  and  various  liver  microsome  enzymes. 

Major  Findings:  Data  from  preliminary  studies  of  three  protein  sources  were 
compared:  casein,  casein  supplemented  with  methionine  and  cysteine,  and 
lactalbumin.  Of  these  three,  improved  protein  utilization  was  observed  with 
supplementation  of  casein  and  with  lactalbumin  in  short-term  studies.  In 
twenty-week  studies,  detrimental  effects  of  supplemented  casein  were  observed. 
These  effects  included  enlargement  of  kidneys  and  early  death,  particularly 
in  animals  fed  the  highest  levels  of  supplemented  casein. 
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The  chronic  studies  are  as  follows: 

1.  In  the  parent  generation  of  hamsters  fed  10%,  20%,  and  40%  lactalbumin 
diets,  the  survival  is  longest  in  both  males  and  females  fed  the  20%  level. 
In  addition,  the  survival  of  this  group  of  animals  appears  to  be  better  than 
that  observed  in  hamsters  fed  chow  type  diet. 

2.  Protein  utilization  has  been  evaluated  after  6,  18,  and  30  weeks  in  animals 
fed  the  three  levels  of  lactalbumin  from  weaning.  At  all  times,  the  level 

of  dietary  protein  influenced  growth  and  the  protein  levels  in  the  blood, 
liver,  and  carcass. 

3.  Several  microsomal  drug  metabolizing  systems  have  responded  to  the  level 
of  dietary  protein  with  generally  higher  enzyme  activities  in  the  groups  of 
animals  fed  higher  levels  of  protein.  The  influence  of  age  effects  the  drug 
metabolizing  systems  differently.  Cytochrome  P^so  content  in  hamster  livers 
decreased  slightly  during  the  first  6  to  18  weeks  of  study,  but  increased 
after  30  weeks.  Aniline  hydroxylase  activity  of  liver  microsomes  decreased 
progressively  from  the  initiation  of  the  study  through  30  weeks,  and  benzo(a)- 
pyrene  hydroxylase  activity  increased  up  to  the  18th  week. 

4.  Tissues  have  not  yet  been  evaluated  for  spontaneous  tumors  and  diseases. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  role  of  diet  in  cancer  is  becoming  more  apparent  as  research  effort  in 
this  area  are  increased.  This  project  evaluates  the  role  of  dietary  protein 
on  spontaneous  tumor  yields  in  a  species  not  previously  studied  for  this 
purpose,  the  Syrian  hamster.  In  addition,  at  several  phases  of  the  study, 
we  are  evaluating  the  influence  of  dietary  protein  on  related  systems  of  the 
hamster  and  the  microsomal  drug  metabolizing  systems. 

Several  lines  of  investigation  have  suggested  that  transplacental  and  trans- 
lactal  effects  may  be  of  importance  in  carcinogenesis.  The  involvement  of 
these  phases  of  life  will  be  evaluated  in  this  project  by  studying  two  genera- 
tions of  hamsters;  the  parent  animals  began  on  the  studies  at  weaning  and 
their  offspring.  The  detailed  evaluation  of  the  protein  needs  of  the  Syrian 
hamster  will  improve  this  species  as  a  model  for  biological  research. 

Proposed  Course:  Completion  of  the  study  with  three  levels  of  lactalbumin 
fed  to  two  generations  of  Syrian  hamsters.  This  involves: 

1.  Evaluation  of  protein  utilization,  and  various  blood  and  liver  responses 
to  dietary  protein  at  6,  18,  30,  and  60  weeks  after  weaning. 

2.  Preparation  of  slides,  and  assessment  of  histopathological  data  on  ani- 
mals dying  throughout  the  study. 

Date  Contract  Initiated:  March  19,  1968 

Current  Annual  Level :  $113,743 

NORTH  CAROLINA,  UNIVERSITY  OF  (NOl-CP-75956) 
Title:  Studies  of  Carcinogenesis  in  Human  Tissue 
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Contractor's  Project  Directors:     Dr.   David  G.   Kaufman 

Dr.  Leslie  A.  Walton 

Project  Officer  (NCI):  Dr.- Lea  I.  Sekely 

Objectives:  The  overall  objective  of  this  project  is  to  determine  whether 
specific  insights  into  the  causation  of  human  endometrial  carcinoma  can  be 
derived  by  direct  study  of  the  effects  of  chemical  carcinogens  on  human  endo- 
metrial tissue.  Specific  objectives  for  the  third  year  of  this  project  are 
to  evaluate  effects  of  chemical  carcinogens  on  human  endometrial  tissue  in 
culture  and  further  characterize  the  biologic  properties  of  this  tissue 
in  vitro. 

Major  Findings:  Appropriate  methods  have  been  utilized  for  obtaining  human 
endometrial  tissue  from  surgical  hysterectomy  specimens.  Both  cell  and  organ 
cultures  have  been  established  with  high  frequencies  and  with  persistence  of 
selected  organ  and  cell  cultures  in  vitro  for  periods  exceeding  a  year.  The 
effects  of  various  media  and  media  supplements  have  been  evaluated  for  superior 
culture  maintenance  as  reflected  by  morphologic  and  biochemical  properties. 

To  obtain  desirable  culture  conditions  of  human  endometrial  tissue,  steroid 
hormone  receptor  levels  and  carcinogen  metabolism  and  binding  in  organ  culture 
have  been  compared  with  these  properties  in  freshly  obtained  tissue.  Fresh 
tissue  from  postmenopausal  women  had  distinct  patterns  of  benzo(a^)pyrene  (BP) 
metabolism  and  low  levels  of  BP  binding  to  cellular  DNA.  Tissue  from  premeno- 
pausal women  in  the  proliferative  phase  of  the  menstrual  cycle  had  BP  meta- 
bolite profiles  distinguishable  from  profiles  of  women  in  the  secretory  phase. 
BP  binding  was  higher  in  tissue  from  premenopausal  women  compared  to  post- 
menopausal women;  the  highest  binding  levels  were  observed  in  the  late 
proliferative  to  early  secretory  phase  interval  of  the  menstrual  cycle. 
Overall,  binding  levels  spanned  two  orders  of  magnitude  among  specimens  of 
fresh  tissue  studied.  Organ  cultures  of  endometrial  tissue  from  premeno- 
pausal women  developed  a  metabolite  profile  like  that  of  postmenopausal 
women,  and  had  reduced  levels  of  BP  binding.  These  observations,  and 
those  for  estrogen  receptors,  are  consistent  with  an  insufficient  hormonal 
stimulus  in  endometrial  tissue  in  organ  culture.  Methods  for  quantitation 
of  estrogen  receptors,  and  in  preliminary  studies,  progesterone  receptors 
as  well,  have  been  scaled  to  the  small  quantities  of  endometrial  tissue  main- 
tained as  organ  cultures.  Studies  of  freshly  obtained  tissue  show  variations 
in  estrogen  receptor  levels  in  tissue  obtained  at  different  stages  of  the 
menstrual  cycle.  Although  receptor  levels  decrease  in  the  organ  cultures, 
receptor  levels  vary,  as  with  the  fresh  tissue,  as  the  hormone  content  of  the 
medium  is  varied  to  simulate  a  menstrual  cycle  in  vitro.  Preliminary  results 
of  studies  to  evaluate  carcinogen  treatment  of  organ  cultures  confirm  the 
epithelial  hyperplasia  noted  in  an  earlier  study,  but  stromal  hyperplasia 
and  pseudodecidual  reactions  were  less  prominent  in  the  latter  study. 

Immature  epithelial  cell  cultures,  established  from  enzymatically-dispersed 
endometrial  tissue,  arise  in  greatest  proportion  from  menstrual  phase  endo- 
metrium. These  exhibit  signs  of  differentiation  when  primed  by  estrogen 
treatment  followed  by  culture  in  medium  with  added  progesterone.  Under  these 
conditions,  these  cells  develop  secretory  organelles  as  viewed  by  electron 
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microscopy,  and  form  acinar  structures  containing  PAS  stainable  secretions. 
These  cells  grow  best  at  high  cell  density,  and  attempts  at  single  cell 
cloning  have  not  succeeded  to  date.  Upon  prolonged  culture  (16-20  passages 
over  a  year  in  vitro)  fibroblastic  cells  begin  to  represent  a  larger  share 
of  the  mixed  population.  Subcultures  begun  with  2  or  3  cell  colonies  have 
not  shown  this  fibroblastic  cell  growth  to  date.  Various  cultures  have  been 
karyotyped  and  generally  were  found  to  have  diploid  and  tetraploid  chromo- 
substituted  for  fetal  calf  serum  (FCS),  and  these  cells  are  being  assessed 
for  somatomedin  production.  Cell  growth  was  optimal  in  10%  FCS,  other  sources 
of  serum  not  being  adequate  substitutes.  Epidermal  growth  factor  stimulated 
growth  in  cultures  adapted  to  5%  FCS. 

The  major  emphasis  in  cell  culture  studies  has  been  focused  recently  on  ex- 
posure of  cells  to  chemical  carcinogens.  Cultures  treated  repeatedly  with  a 
carcinogen  appeared  to  undergo  a  sequence  of  changes  as  the  cumulative  dose 
increased.  Cells  have  increased  plating  efficiency,  growth  rates,  and  satu- 
ration densities,  and  become  more  resistant  to  the  toxicity  of  the  carcinogen. 
Foci  of  smaller  crowded  cells  have  been  observed  in  a  few  cell  lines,  one 
appearing  to  form  colonies  in  soft  agar.  These  cells  have  been  grown  in 
quantity  and  have  been  injected  into  nude  mice. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
The  overall  objective  of  this  program  is  to  malignantly  transform  human 
endometrial  tissue  by  treatment  with  chemical  carcinogens  in  vitro.  These 
studies  may  contribute  to  the  understanding  of  the  causation  of  human  endo- 
metrial cancer,  and  help  explain  interindividual  variation  in  susceptibility 
to  this  disease.  The  accomplishments  to  date  represent  tangible  steps  in 
efforts  to  achieve  these  objectives. 

Proposed  Course:  During  the  remainder  of  this  contract  year,  efforts  will 
continue  to  utilize  observations  of  the  biologic  properties  of  organ  cultures 
of  human  endometrium  as  compared  to  the  properties  of  freshly  obtained  tissue 
in  order  to  improve  the  conditions  of  organ  culture.  Organ  cultures  will 
continue  to  be  exposed  to  chemical  carcinogens.  The  effects  of  carcinogen 
treatment  will  be  assessed  by  morphologic  study,  and  evaluation  of  the  capacity 
of  treated  organ  cultures  to  grow  as  tumors  following  xenotransplantation  into 
nude  mice.  Efforts  with  endometrial  epithelial  cell  cultures  will  focus 
principally  on  continued  attempts  to  transform  the  cells  by  repetitive  treat- 
ments with  chemical  carcinogens.  Treatments  will  continue  with  cells  now 
growing  in  soft  agar  and  with  the  several  other  colonies  which  appear  to  be 
approaching  the  same  state  of  progression.  These  various  cells  will  continue 
to  be  placed  under  proliferative  pressure,  and  will  be  evaluated  at  intervals 
for  karyotype  pattern  and  ability  to  grow  in  nude  mice. 

Date  Contract  Initiated:  September  30,  1977 

Current  Annual  Level :  $183,171 
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ONTARIO  CANCER  INSTITUTE  (N01-CP-43331 ) 

Title:  Isolation,  Propagation,  and  Storage  of  Mutant  Vertebrate  Cells 

Contractor's  Project  Director:  Dr.  Louis  Siminovitch 

Project  Officer  (NCI):  Dr.  Lea  I.  Sekely 

Objectives: 

1.  Isolation  of  cell  lines  carrying  mutations  affecting  key  cell  functions 
such  as  protein  synthesis  or  key  cell  structures  such  as  the  plasma  membrane. 

2.  Biochemical  and  physiological  characterization  of  the  mutant  lines. 

3.  Examination  of  the  properties  of  hybrid  cell  lines  obtained  by  fusion  of 
cells  of  one  mutant  line  with  other  normal  or  mutant  lines,  and  the  use  of 
chromosome  and  DNA  transfer  techniques  for  complementation  analysis,  possible 
mapping,  and  for  studies  of  chromosome  behavior  and  gene  control. 

4.  Extension  of  the  techniques,  as  they  are  developed,  to  a  variety  of  cell 
types  chosen  not  only  on  the  basis  of  their  suitability  for  studies  of  the 
regulation  of  cell  multiplication  and  differentiation,  but  also  for  other 
purposes,  such  as  the  detection  of  environmental  carcinogens  and  mutagens. 

Major  Findings:  The  contractor  developed  new  genetic  systems  by  isolation  of 
specific  mutants  of  Chinese  hamster  ovary  (CHO)  cells.  To  this  end  he  has 
selected  for  mutants  of  CHO  cells  resistant  to  diptheria  toxin,  pactomycin, 
toyocamycin,  oligomycin,  5, 6-dichloro-l-B-D-ribofuranosyl-benz imidazole, 
6-(p-hydroxy-phenylazo)  uracil,  Sindbis  virus,  and  ARA  c  (thymidine  auxotoph). 
In  addition  he  selected  for  conditional  lethal  temperature  sensitive  DNA  minus 
mutants.  All  but  two  of  these  mutants  have  been  characterized  to  varying 
extents  and  in  many  cases,  the  lesion  has  been  identified. 

By  examining  a  large  number  of  independent  clones,  the  contractor  obtained 
evidence  that  recessive  mutants  probably  arise  by  a  two  step  process.  The 
contractor  developed  methods  for  the  transfer  of  the  markers  for  thymidine 
kinase  (Tk)  and  methotrexate  resistence  (MTxR)  from  CHO  to  L  cells  using  both 
chromosomes  and  DNA. 

It  has  been  suggested  that  normal  mammalian  cells  are  analogous  to  stringent 
bacteria,  and  transformed  cells  to  relaxed  bacteria.  The  contractor  demon- 
strated that  normal  cells  reduce  their  ribosome  complement  by  a  reduction  in 
rRNA  synthesis  below  that  of  any  cycling  cell  in  preparation  for  quiescence 
(stationary  phase),  whereas  transformed  cells  do  not. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
These  CHO  cell  mutants  are  of  great  value  to  the  Carcinogenesis  Program,  since 
cancer  may  be  regarded  as  a  disease  in  which  cells  are  genetically  altered 
such  that  their  regulation  of  cellular  multiplication  and  differentiation  is 
defective.  Temperature-sensitive  mutations  affecting  key  functions  involved 
in  cell  growth  and,  in  particular  DNA  replication  and  mitosis  are  of  specific 
interest  in  respect  to  obtaining  an  understanding  of  the  breakdown  of  regula- 
tion during  carcinogenesis.  Suitably  characterized  cell  lines  are  useful  not 
only  for  studies  of  cellular  regulatory  processes,  but  for  other  purposes  as 
well.  One  example  is  the  use  of  cell -culture  systems  for  the  detection  of 
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carcinogens  or  mutagens.  Additionally,  the  availability  of  CHO  mutants 
resistant  to  Sinbis  virus  which  have  unique  membrane  modifications  are  im- 
portant, not  only  because  they  will  allow  investigators  to  conduct  studies 
of  neoplasia,  but  also  because  they  will  allow  one  to  determine  the  general 
importance  of  these  kinds  of  mutants  for  studies  in  somatic  cell  genetics 
and  cell  biology. 

Proposed  Course:  This  contract  is  in  its  final  year.  The  remainder  of  the 
contract  term,  and  before  the  termination  of  the  contract,  the  contractor 
will  bring  to  a  satisfactory  conclusion  the  characterization  of  two  Chinese 
hamster  ovary  (CHO)  cell  mutant  phenotypes  of  special  interest  to  the  Carcino- 
genesis Program.  The  contractor  will  select  certain  conditional-lethel , 
temperature-sensitive,  DNA-minus  mutants.  The  selection  methods  will  be 
validated,  and  the  nature  of  the  lesion  will  be  identified  and  characterized. 
The  contractor  will  identify  the  nature  of  the  lesion  of  four  Sindbis  virus 
resistant  mutant  cell  lines.  He  will  determine  whether  membrane  alterations 
are  involved  in  any  of  the  mutants  both  by  studying  cross  resistance  to 
various  membrane  active  agents,  and  by  surface  labelling  of  membrane  glyco- 
proteins. 

Date  Contract  Initiated:  January  1,  1972 

Current  Annual  Level :  $106,721 

SOUTHERN  RESEARCH  INSTITUTE  (NOl-CP-75914) 

Ti tl e :  Isolation,  Identification,  and  Culture  of  Epithelial  Cell  Types  from 
Colon  of  the  Rat 

Contractor's  Project  Director:  Dr.  Dharam  P.  Chopra 

Project  Officer  (NCI):  Dr.  Lea  I.  Sekley 

Objectives:  The  main  objectives  of  this  contract  are  to  isolate,  identify, 
and  culture  normal  epithelial  cell  types  from  the  colon  of  the  rat.  The 
methodology  developed  for  the  isolation  and  culture  of  epithelial  cell  from 
the  normal  rat  colon  mucosa,  will  be  applied  to  obtain  epithelial  cell  cul- 
ture from  the  human  tissue.  The  colonic  epithelial  cell  cultures  will  be 
used  to  study  the  mechanisms  of  carcinogenesis  in  vitro. 

Major  Findings:  Proliferative  and  differentiated  cells  from  the  colon  of  the 
rat  have  been  separated  by  a  method  of  sequential  dissociation  of  the  everted 
colon  in  0.2%  trypsin  solution.  "Five  sequential  suspensions  were  obtained 
by  gradually  dissociating  the  colonic  mucosa.  Histochemical ,  ultrastructural , 
and  biochemical  studies  on  different  cell  suspensions  showed  that  suspension 
I  separated  from  the  luminal  surface  contain  mainly  absorptive  columnar  cells 
(82±9%);  suspension  III  obtained  from  the  middle  level  of  the  crypts  contain 
a  majority  of  mucous  cells  (80±7%),  suspension  V  obtained  from  the  base  of  the 
crypts  contain  a  majority  of  proliferative  cells. 
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Although  most  dissociated  cells  excluded  trypan  blue  and  showed  ultrastruc- 
tural  integrity,  culturing  of  cell  suspensions  I-III  resulted  in  only  a  few 
cells  adhering  to  the  substrate,  and  these  cells  failed  to  proliferate  and 
subsequently  degenerated.  Culturing  suspension  \i  (containing  a  majority  of 
the  proliferative  cells)  in  serum  supplemented  medium  resulted  in  a  signi- 
ficantly higher  number  of  attached  cells  that  multiplied  to  form  epithelial 
colonies.  The  epithelial  nature  and  colonic  origin  of  the  epithelial  colo- 
nies were  established  by  ultrastructural  and  immunocytochemical  methods. 
These  colonies  could  be  maintained  for  up  to  three  weeks,  after  which  time 
the  cells  began  to  flatten  and  became  vacuolated. 

Epithelial  cells  isolated  from  the  colon  of  suckling  rats  and  cultured  in 
Eagle's  minimun  essential  medium  supplemented  with  15%  fetal  bovine  serum 
(FBS),  exhibited  a  higher  plating  efficiency  and  actively  proliferated  to 
form  large  colonies.  Subculturing  of  the  epithelial  colonies  by  the  peni- 
cylinder  method  resulted  in  a  gradual  decline  of  proliferation  of  the  sub- 
cultured  cells. 

Culturing  of  the  colonic  epithelial  cells  in  media  supplemented  with  dif- 
ferent concentrations  of  FBS  showed  that  2.5%  FBS  was  optimum  to  support 
proliferation  of  the  cells.  Higher  FBS  concentrations  produced  an  inhi- 
bitory effect  on  epithelial  cell  proliferation.  The  serum  requirement  of 
epithelial  cells  for  active  proliferation  was  further  reduced  to  0.25% 
by  supplementing  the  media  with  insulin  (10  yg/ml ) ,  hydrocortisone 
(0.05%  yg/ml),  and  triiodothyroxine  (Tg-,  0.01  yg/ml ) . 

Immunocytochemical  studies  with  antiserum  prepared  against  the  brush  border 
membrane  of  the  colonic  epithelium  showed  specific  staining  of  the  epithelial 
colonies. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 
Several  cell  and  organ  culture  models  for  epithelian  cancers  have  been  de- 
veloped, and  these  models  have  led  to  important  findings  in  several  aspects 
of  carcinogenesis.  Since  the  amounts  of  human  tissues  available  for  experi- 
mental use  are  limited,  the  contractor  efforts  are  focused  to  develop  the 
necessary  methodology  for  isolation,  identification,  and  culture  of  specific 
cell  types  from  the  normal  colon  of  the  rat.  The  methods  developed  in  the 
rat  model  will  be  applied  to  isolate  and  culture  epithelial  cells  from  the 
surgical  samples  of  human  colon. 

Proposed  Course:  Since  the  contractor  has  been  able  to  obtain  primary  epi- 
thelial cell  cultures  from  the  rat  colon,  they  will  concentrate  on  defining 
the  nutritional  requirements  of  these  cells  necessary  for  long-term  main- 
tenance. 

Date  Contract  Initiated:  September  29,  1977 

Current  Annual  Level :   0 
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WEIZMANN  INSTITUTE  OF  SCIENCE  (N01-CP-95624)  (Formerly  N01-CP-02217) 

Title:  Study  to  Investigate  Aspects  of  Enzyme  Induction  of  Chemical  Carcino- 
genesis Relative  to  Lung  Cancer  Incidence 

Contractor's  Project  Director:  Dr.  Leo  Sachs 

Project  Officer  (NCI):  Dr.  Lea  Sekely 

Objectives:  To  clarify  the  role  of  polycylic  metabolism  in  carcinogenesis. 

Major  Findings: 

1.  Transformation  of  Normal  Hamster  Cells  in  Benzo(a)pyrene  Diol-epoxide  -- 
The  frequency  of  cell  transformation  was  determined  after  treatment  of 
normal  hamster  embryo  cells  with  benzo(a)pyrene  (BP)  and  6  of  its  metabo- 
lites. These  metabolites  included  the  trans  4, 5-, 7, 8-  and  9,10-dihydrodiols; 
the  4-5-epoxide;  and  two  steroisomers  of  the  non-K-region  diol  epoxides 

r-7,  t-8-dihydroxy  t-9,  10-oxy-7,8,9,10-tetrahydrobenzo(a)pyrene  (diol- 
epoxide  I)  and  r-7,  t-8,  dihydroxy  c-9,  10-oxy-7,8,9,10-tetrahydrobenzo(a)- 
pyrene  (diol-epoxide  II).  The  trans  7,8-dihydrodiol  was  more  active  than 
the  other  2  dihydrodiols  tested  and  was  also  more  active  that  the  parent 
hydrocarbon  BP.  Of  the  3  epoxides  tested,  the  diol-epoxide  I  was  more 
active  than  the  4,5-epoxide  and  diol-epoxide  II.  The  results  suggest  that 
diol-epoxide  I  is  a  major  cell -transforming  metabolite  of  BP. 

2.  Metabolism  of  the  Carcinogenic  Hydrocarbon  Benzo(a)pyrene  in  Human 
Fibroblast  and  Epithelial  Cells  ~  Aryl  hydrocarbon  (benzo(a)pyrene) 
hydroxylase  (AHH)  activity  and  metabolism  of  benzo(a)pyrene  to  water- 
soluble  products  were  measured  in  cultures  of  body  fibroblasts  and  kidney 
epithelial  cells  from  23  different  human  embryos.  The  fibroblasts  from 
the  different  embryos  could  be  divided  into  3  groups  according  to  the 
amount  of  water-soluble  products,  but  not  according  to  the  AHH  activity. 

Proposed  Course:  This  contract  terminated  on  January  31,  1980. 

Date  Contract  Initiated:  September  30,  1970 

Current  Annual  Level :   0 
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CHEMICAL  AND  PHYSICAL  CARCINOGENESIS  BRANCH 

GRANTS  ACTIVE  DURING  FY  80 

SPECIAL  PROJECTS 


Investigator/Institution/Grant  Number 

ABRAHAM,  Samuel 

Children's  Hospital  Medical  Center 

5  ROl  CA  11736-10 

ABUL-HAJJ,  Yusuf  J. 
University  of  Minnesota 
of  Minneapolis-St  Paul 
5  ROl  CA  22467-03 

AHMED,  Khali  1 
University  of  Minnesota 
of  Minneapolis-St  Paul 
5  ROl  CA  15062-07 

ALBERT,  Roy  E. 

New  York  University 

1  POl  CA  26724-01 

ANDERSON,  Lucy  M. 

Sloan  Kettering  Institute  for  Cancer 

Research 

5  ROl  CA  22498-03 

BANERJEE,  Mihir  R. 

University  of  Nebraska  Lincoln 

5  ROl  CA  11058-11 

BARKA,  Tibor  D. 

Mount  Sinai  School  of  Medicine 

5  ROl  CA  24005-02 

BARKA,  Tibor  D. 

Mount  Sinai  School  of  Medicine 

5  ROl  CA  24023-02 

BAXTER,  C.  Stuart 
University  of  Cincinnati 
5  ROl  CA  24022-02 

BELMAN,  Sidney 

New  York  University 

2  ROl  CA  18536-04 


Title 

Altered  Genome  Expression  in  Preneo- 
plasia  and  Neoplasia 


Effect  of  Mammary  Tumors  on  Steroid 
Metabolism 


Studies  of  Normal  and  Neoplastic 
Prostate 


Inhalation  Carcinogenesis  of 
Environmental  Agents 


Chemical  Carcinogenesis  in  the 
Athymic  Mouse 


Hormones,  Cellular  Biosynthesis 
and  Mammary  Carcinogenesis 


Isoproterenol  and  Carcinogenesis 


Tumor  Promoters,  Growth  and 
Differentiation 


Cell  Culture  Studies  of  Environmental 
Promoters 


Role  of  Cyclic  Nucleotides  in  Tumor 
Promotion 
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BERENBLUM,  Isaac 

Weizmann  Institute  of  Science 

2  ROl  CA  21088-04 


New  Approaches  to  Systemic  Two-stage 
Carcinogenesis 


BLOCK,  Ronald  E. 

Papanicolaou  Cancer  Research 

Institute 

5  ROl  CA  13056-07 


Characterization  of  Biological  Tissues 
by  NMR 


BLUMBERG,  Peter  M. 
Harvard  University 
5  ROl  CA  22895-03 


Mechanism  of  Action  of  Phorbol 
Di esters  In  Vitro 


BOKKENHEUSER,  Victor  D. 

St.  Luke's-Roosevelt  Institute 

for  Health  Science 

5  ROl  CA  25763-06 


Bacteria  and  Steroid  Metabolism 


BRASITUS,  Thomas  A. 
Columbia  University 
1  ROl  CA  28040-01 


Colonic  Epithelial  Cell  Plasma 
Membranes 


BROOKS,  Sam  C. 

Wayne  State  University 

5  ROl  CA  22828-03 


Fate  of  Steroid  Hormones  in  Breast 
Tumor  Cells 


BROWN,  Clark  E. 

New  England  Deaconess  Hospital 

5  ROl  CA  24893-02 


Cancer  of  Rat  Prostate:  Its 
Induction  and  Prevention 


BROWN,  Phyllis  R. 
University  of  Rhode  Island 
5  ROl  CA  17603-05 


HPLC  Study  of  Serum  Nucleosides  and 
Bases 


CASPI,  Eliahu 

Worcester  Foundation  for  Experimental 

Biology 

5  ROl  CA  16464-05 


lodinated  Estrogens  in  Breast  Cancer 


CHALKLEY,  Roger  G. 
University  of  Iowa 
5  ROl  CA  20509-03 


Estrogens  and  Breast  Cancer 


CHAMBERS,  Wilbert  F. 
Dartmouth  College 
5  ROl  CA  18148-03 


Developing  Neoplasms  from  Embryonic 
Pituitary 


COON,  Minor  J. 

University  of  Michigan  at  Ann  Arbor 

1  R13  CA  25800-01 


Fourth  International  Symposium  on 
Microsomes  and  Drug  Oxidations 
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COSTLOW,  Mark  E. 

St.  Jude  Children's  Research  Hospital 

1  ROl  CA  25170-01 

COSTLOW,  Mark  E. 

St.  Jude  Children's  Research  Hospital 

5  ROl  CA  23956-02 

DIAMOND,  Leila 

Wistar  Institute  of  Anatomy  and 

Biology 

5  ROl  CA  23413-03 

DIAMOND,  Leila 

Wistar  Institute  of  Anatomy  and 

Biology 

5  POl  CA  21778-02 

EBNER,  Kurt  E. 

University  of  Kansas  College  of 
Health  Science  and  Hospital 
5  ROl  CA  17478-06 

EPSTEIN,  Samuel  S. 

University  of  Illinois  Medical  Center 

5  ROl  CA  24959-02 

ESTENSEN,  Richard  D. 
University  of  Minnesota  of 
Minneapolis-St.  Paul 
5  ROl  CA  22195-03 

FISHMAN,  Jack 
Rockefeller  University 
5  POl  CA  22795-03 

FRANKEL,  Fred  R. 
University  of  Pennsylvania 
5  ROl  CA  17301-06 

FRANTZ,  Andrew  G. 
Columbia  University 
5  ROl  CA  11704-10 

FREEMAN,  Aaron  E. 

La  Jolla  Cancer  Research  Foundation 

1  ROl  CA  25392-01 

GAETJENS,  Eric 
Downstate  Medical  Center 
5  ROl  CA  23623-03 


Prolactin  Receptor  Regulation  in 
Cultured  Mammary  Cells 


Hormone  Receptor  Regulation  in 
Mammary  Tissue 


Tumor  Promoter  and  Cell  Differen- 
tiation 


Environmental  Factors  in  the 
Induction  of  Cancer 


Mammary  and  Liver  Prolactin  Receptors 


Quantitative  Carcinogenesis  Projection 
Between  Species 


A  Cocarcinogen  as  a  Lymphocyte  Mitogen 


Specialized  Center  for  Cancer 
Endocrinology 


Mammary  Cancer  and  the  Nuclear 
Estradiol  Receptor 


Prolactin  Studies 


Organoid  In  Vitro  Model  of  Liver 
Carcinogenesis 


Steroid  Binding  in  Breast  Cancer  by 
Immunof 1 uorescence 
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GALA,  Richard  R. 
Wayne  State  University 
5  ROl  CA  21597-03 


Prolactin--Adrenal  Involvement  in 
DMBA  Mammary  Tumors 


GARTE,  Seymour  J. 
New  York  University 
5  R23  CA  23806-02 


Biochemical  Mechanisms  of  Tumor 
Promoters 


GOLDENBERG,  David  M. 

Ephraim  McDowell  Cancer  Research 

Foundation  Corporation 

5  P20  CA  19467-02 


Exploratory  Studies  in  Environmental 
Cancer 


GOLDFARB,  Stanley 

University  of  Wisconsin  Madison 

5  ROl  CA  15664-06 


Cholesterol  Metabolism  in  Hepatic 
Neoplasms 


GOODMAN,  A.  David 
Albany  Medical  College 
5  ROl  CA  22879-03 


Role  of  Thyroid  Hormones  and  Iodine 
in  Breast  Cancer 


GORSKI,  Jack 

University  of  Wisconsin  Madison 

5  ROl  CA  18110-05 


Prolactin  in  Normal  and  Neoplastic 
Pituitary  Tissue 


GRANDJEAN,  Carter  J. 
Midwest  Research  Institute 
7  ROl  CA  27934-01 


Diallylnitrosamine  Carcinogenesis: 
Species  Differences 


GRIFFITH,  0.  Hayes 
University  of  Oregon 
5  ROl  CA  11695-11 

GURPIDE,  Erlio 

Mount  Sinai  School  of  Medicine 

2  ROl  CA  15648-07 


Photoelectron  Microscopy  of  Mammalian 
Membranes 


Steroid  Dynamics  in  Human  Endo- 
metrial Cancer 


HAZELWOOD,  Carlton  F. 
Baylor  College  of  Medicine 
5  ROl  CA  21624-03 


Role  of  Water  in  Cancer  Cell  Division 


HILF,  Russell 
University  of  Rochester 
5  ROl  CA  16660-06 

HILL,  Rolla  B. 

Universities  Associated  Research  and 

Education  in  Pathology 

1  R13  CA  26660-01 


Role  of  Insulin  in  Hormonal  Control 
of  Breast  Cancer 


Workshop  in  Teaching  of  Environmental 
Pathology 
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HOCHBERG,  Richard  B. 

St.  Luke's-Roosevelt  Hospital  Center 

5  ROl  CA  24512-02 

HOLLANDER,  Vincent  P. 

Joint  Diseases  North  General  Hospital 

1  ROl  CA  26041-01 

HOLLANDER,  Vincent  P. 

Joint  Diseases  North  General  Hospital 

5  ROl  CA  10064-18 

HOMBURGER,  Freddy 
Bio-Research  Institute 
5  ROl  CA  24696-02 

HOSICK,  Howard  L. 
Washington  State  University 
5  ROl  CA  16392-06 

HUGGINS,  Charles  B. 
University  of  Chicago 
5  ROl  CA  11603-11 


Steroid  Hormones  in  Breast  Cancer 


Endocrine  Factors  in  the  Development 
of  Plasmacytoma 


Hormonally  Sensitive  Tumors 


Syrian  Hamster  Model  of  Pancreatic 
Carcinogenesis 


Culture  of  Preneoplastic  Mammary  Cells 
of  the  Mouse 


Endocrinology  of  Experimental  Leukemia 


JENSEN,  Elwood  V. 
University  of  Chicago 
2  ROl  CA  02897-24 

KAIGHN,  M.  Edward 

Pasadena  Foundation  for  Medical 

Research 

1  ROl  CA  25089-02 

KERR,  Sylvia  J. 

University  of  Colorado  Medical 

Center 

5  ROl  CA  12742-08 

KLEINBERG,  David  L. 
New  York  University 
5  ROl  CA  16149-06 

KOWAL,  Jerome 

Case  Western  Reserve  University 

5  ROl  CA  16650-03 

LAUTERBUR,  Paul  C. 

State  University  New  York  Stony 

Brook 

5  ROl  CA  15300-06 


Steroids  and  Growth 


Culture  and  Carcinogenesis  of  Human 
Bladder  Urothelium 


Study  of  Methylations  in  Neoplasia 


The  Role  of  Prolactin  in  Human  Breast 
Cancer 


Hormonal  Control  of  Normal  and  Neo- 
plastic Breast  Cells 


Application  of  NMR  Zeugmatography  in 
Cancer  Research 
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LEAVITT,  Wendell  W. 
Worcester  Foundation  for 
Experimental  Biology 
5  ROl  CA  23693-03 

LEAVITT,  Wendell  W. 
Worcester  Foundation  for 
Experimental  Biology 
5  ROl  CA  23362-03 

LEE,  Chung 

Northwestern  University 
5  ROl  CA  14727-07 

LEUNG,  Benjamin  S. 
University  of  Minnesota 
of  Minneapolis-St  Paul 
5  ROl  CA  25998-02 

LI,  Jonathan  J. 
University  of  Minnesota 
of  Minneapolis-St  Paul 
5  ROl  CA  22008-03 

LINDAHL,  Ronald  G. 
University  of  Alabama 
in  University 

1  ROl  CA  21103-01A2 

LING,  Gilbert  N. 
Pennsylvania  Hospital 

2  ROl    CA  16301-06 

MACINDOE,  John  H. 
University  of  Iowa 
5  ROl  CA  24687-02 

MARKLAND,  Francis  S.,  Jr 
University  of  Southern  California 
5  ROl  CA  22910-02 

MARTIN,  R.  Russell 

Baylor  College  of  Medicine 

5  ROl  CA  15784-06 

MAYS,  Charles  W. 
University  of  Utah 
1  ROl  CA  28314-01 


Hormone  Receptor  Ontogeny  and  Cancer 


Hormone  Receptor  Ontogeny  and  Cancer 


Study  on  Growth  and  Regression  in  Rat 
Mammary  Tumors 


Hormonal  Interaction  in  Mammary 
Carcinoma 


Estrogen  Carcinogenicity  and 
Hormone  Dependent  Tumors 


Gene-Enzyme  Relationship  of 
Liver  Aldehyde  Dehydrogenase 


What  Distinguishes  Water  in  Cancer 
and  in  Normal  Tissues 


Estrogen  and  Androgen  Metabolism 
By  Breast  Cancer  Cells 


Characterization  of  Mammary 
Glucocorticoid  Receptor 


Human  Macrophages  and  Other  Cells 
in  Carcinogenesis 


Reducing  Cancer  Risk  By 
Radionuclide  Chelation 
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MC  GRATH,   Charles  M. 
Michigan  Cancer  Foundation 
5  ROl    CA  25482-02 

MC  GUIRE,   William  L. 

University  of  Texas  Health  Science 

Center  San  Antonio 

5  ROl    CA  11378-11 

MEITES,  Joseph 

Michigan  State  University 

5  ROl    CA  10771-13 

MENDELSOHN,   Naomi 

Mount  Sinai   School   of  Medicine 

1    R23  CA  27154-01 

MILLER,  James  A. 

University  of  Wisconsin  Madison 

5  POl  CA  22484-03 

MINTON,  John  P. 

Ohio  State  University 

5  ROl  CA  22892-03 

MIRVISH,  Sidney  S. 

University  of  Nebraska  Medical  Center 

1  POl  CA  25100-01 

MOON,  Richard  C. 

IIT  Research  Institute 

5  ROl  CA  18968-03 

OFNER,  Peter 
Tufts  University 
5  ROl  CA  15776-06 


Hormonal  Control  of  Metastasis 


Mechanism  of  Hormonal  Control  of 
Mammary  Carcinoma 


Neuroendocrine  Control  of 
Mammary  and  Pituitary  Tumors 


Maturation-Dependent  Responses 
of  Myeloid  Cel Is 


Biochemical  Studies  in  Chemical 
Carcinogenesis 

Hormones  and  Breast  Cancer 
Prostaglandin  Biosynthesis 


Studies  on  N-Nitroso  Compounds 


Reproductive  Age  and  Mammary 
Carcinogenesis 


Prostatic  Differentiation  and 
Sex  Hormone  Metabolism 


PARDEE,  Arthur  B. 

Sidney  Farber  Cancer  Institute 

5  POl  CA  22427-03 

PURDY,  Robert  H. 

Southwest  Foundation  for  Research 

and  Education 

5  ROl  CA  24629-02 

RAO,  Bantwal  R. 
Washington  University 
5  ROl  CA  23579-03 


Molecular  Analysis  of  Malignant 
Transformation 


Mutagenic  and  Carcinogenic 
Potential  of  Estrogens 


Carcinogen  Induced  Changes  in 
Steroid  Hormone  Action 
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RIVERA,  Evelyn  M. 
Michigan  State  University 
5  ROl    CA  17862-05 

ROSE,   David  P. 

University  of  Wisconsin  Madison 

5  ROl    CA  17579-06 

ROSE,   Leslie  I. 
Hahnemann  Medical   College  and 
Hospital  of  Philadelphia 
5  ROl    CA  18737-06 

ROSEN,  Jeffrey  M. 

Baylor  College  of  Medicine 

5  ROl    CA  16303-06 


The  Biology  of  Rat  Mammary 
Hyperplasias 


Pituitary  and  Thyroid  Function 
in  Breast  Cancer 


Metabolic  Studies  of  Human 
Uterine  Neoplasms 


Hormonal   Regulation  of  Breast 
Cancer 


SAXENA,  Brij  B. 

Cornell  University  Medical  Center 

5  ROl  CA  13908-06 

SCHECHTER,  Joel  E. 

University  of  Southern  California 

2  ROl  CA  21426-04 


Gonadotropin  Receptors 


Rathke's  Pouch-Derived  Tumors: 
Effects  of  Hormones 


SCOTT,  Robert  E. 
Mayo  Foundation 
5  ROl  CA  21722-03 

SIPERSTEIN,  Marvin  D. 
University  of  California 
San  Francisco 
5  ROl  CA  15979-07 

SKIPSKI,  Vladimir  P. 

Sloan  Kettering  Instutute  for 

Cancer  Research 

5  ROl  CA  15169-06 

STANLEY,  Evan  R. 
Yeshiva  University 
5  ROl  CA  21605-04 

STRAUSS,  Bernard  S. 

Gordon  Research  Conferences 

1  R13  CA  28113-01 

TANG,  Frank  Y. 
University  of  Rochester 
5  ROl  CA  25455-02 


Membrane  Pathology  in 
Carcinogenesis 


Cholesterol  Metabolism  in 
Normal  and  Malignant  Liver 


Blood  Serum  Glycosphingolipids 
and  Malignancy 


Hormone-Dependence  and  Autonomy 
in  Tumor  Growth 


Gordon  Conference  on  Mutagenesis 
and  Carcinogenesis 


Regulation  of  Mammary  Gland 
Growth  and  Regression 
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TANNENBAUM,  Steven  R. 

Massachusetts  Institute  of  Technology 

1  POT  CA  26731-01 


Endogenous  Nitrite  Carcinogenesis 
in  Man 


TROLL,  Walter 

New  York  University 

2  ROl  CA  16060-09 


Inhibition  of  Tumor  Promotion  By 
Protease  Inhibitors 


TROSKO,  James  E. 
Michigan  State  University 
5  ROl  CA  21104-03 


Mutation  and  Derepression  of 
Genes  in  Carcinogenesis 


TS'O,  Paul  0. 

Johns  Hopkins  University 

1  R13  CA  27481-01 


Thirteenth  Jerusalem  Symposium 
on  Carcinogenesis 


TS'O,  Paul  0. 

Johns  Hopkins  University 

5  POl  CA  16043-05 


Biomedical  Risks  Caused  By 
Nucleic  Acid  Perturbation 


VESSELINOVITCH,  Stan  D. 
University  of  Chicago 
5  ROl  CA  25549-02 


Synthetic  Steroids  and  Hepato- 
carcinogenesis 


VESSELINOVITCH,  Stan  D. 
University  of  Chicago 
5  ROl  CA  25522-02 


Role  of  Sex  Hormones  in  Hepato- 
carcinogenesis 


VILLEE,  Claude  A. 
Harvard  University 
5  ROl  CA  24615-02 


Hormone  Induced  and  Dependent 
Tumors 


WALKER,  Bruce  E. 
Michigan  State  University 
5  ROl  CA  27535-02 


Tertogenicity  of  Transplacental 
Des  in  Mice 


WEBER,  George 

Indiana  University  -  Purdue 
University  at  Indianapolis 
5  POl  CA  13526-09 


Correlated  Study  of  Metabolic 
Regulation  in  Neoplasia 


WEINSTEIN,  I.  Bernard 
Columbia  University 
1  ROl  CA  26056-01 


Cellular  and  Biochemical  Effects 
of  Tumor  Promoters 


WEINSTEIN,  I.  Bernard 
Gordon  Research  Conferences 
1  R13  CA  27485-01 


Gordon  Research  Conference  on 
Cancer,  1979 
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WEINSTEIN,  I.  Bernard 
Columbia  University 
5  POT  CA  21111-04 

WELLINGS,  Sefton  R. 
University  of  California  Davis 
5  ROl  CA  21366-03 

WELSCH,  Clifford  W. 
Michigan  State  University 
5  ROl  CA  18752-02 

WENDER,  Paul  A. 
Harvard  University 
1  ROl  CA  28178-01 

WENNER,  Charles  E. 

Roswell  Park  Memorial  Institute 

5  ROl  CA  13784-08 

WHITTAKER,  J.  Richard 
Wistar  Institute  of  Anatomy 
and  Biology 
5  ROl  CA  23394-03 

WYNDER,  Ernst  L. 

American  Health  Foundation 

5  POl  CA  12376-08 

YAGER,  James  D.,  Jr 
Dartmouth  College 
5  ROl  CA  23916-03 


Molecular  Events  in  Chemical 
Carcinogenesis 


Preneoplastic  Potential  of  Human 
Breast  Lesions 


Neuroendocrine  Control  of  Murine 
Leukemogenesis 


Synthetic  Studies  on  Tumor 
Promotors  and  Inhibitors 


The  Effect  of  Cocarcinogens  on 
Cellular  Membranes 


Melanotic  Expression  in 
Carcinogen-Induced  Melanomas 


Environmental  Carcinogenesis 


Role  of  Gonadal  Steroids  in 
Liver  Carcinogenesis 
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CHEMICAL  AND  PHYSICAL  CARCINOGENESIS  BRANCH 

GRANTS  ACTIVE  DURING  FY '80 

CREGS 

Investigator/ Institution/Grant  Number  Title 

SAFE,  Stephen  H.  Metabolism  and  Carcinogenicity  of 

University  of  Guelph  Haloaromatic  Pollutants 
1  ROl  CA  21814-01 

WONG,  John  L.  Molecular  Mechanisms  of  Chemical 

University  of  Louisville  Carcinogenesis 
5  ROl  CA  16182-05 
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SUMMARY  REPORT 

SPECIAL  PROGRAMS  BRANCH 

(Z)     Plans,    in-itiates,    ooovdinates,    evaluates  and  mainta-ins  an 
extramural  basic  and  applied  research  program  in  prevention  and 
special  emphasis  areas  such  as  epidemiology ,    smoking  and  health, 
and  nutrition;    (2)     plans,   develops,   allocates  and  maintains 
research  resources  necessary  for  the  conduct  of  the  coordinated 
research  program,   including  selection  of  appropriate  contractors 
and  management  of  resource  contracts;    CS)  plans  and  conducts 
appropriate  scientific  meetings  and  workshops  to  further  program 
obgectives;    (4)      establishes  program  priorities,    evaluates  program 
effectiveness,    integrates  the  activities  of  the  various  elements, 
represents  prevention  activities,   and  provides  advice  in  management 
arid  scientific  decision-making  meetings  within  the  Division;  and 
(5)     provides  project  officers  for  monitoring  collaborative 
research  activities  of  the  Division. 

The  Special  Programs  Branch  (SPB)  was  established  February  11,  1979  by  relo- 
cation of  extramural  efforts  in  Diet/Nutrition,  Epidemiology,  and  Smoking  and 
Health  from  other  areas  within  the  Division  of  Cancer  Cause  and  Prevention 
(DCCP),  National  Cancer  Institute  (NCI).  Subsequently,  Biometry  was  identified 
as  a  disciplinary  area  distinct  from  Epidemiology.  The  Programs  were  brought 
together  in  one  Branch  in  order  to  facilitate  multidisciplinary  approaches 
to  research  in  these  special  areas  of  carcinogenesis.  While  the  development 
of  biometry  has  relevance  to  research  in  all  of  biology,  it  also  contributes 
specifically  to  each  of  the  SPB  programs.  Both  Diet/Nutrition  and  Smoking 
and  Health  programs  benefit  directly  from  an  interface  with  Epidemiology, 
while  the  latter  is  strengthened  in  those  efforts  to  better  characterize 
studied  populations  by  increasing  use  of  laboratory  determinations  derived 
from  research  in  Diet/Nutrition,  Smoking  and  Health,  as  well  as  other  areas 
of  carcinogenesis.  This  potential  for  symbiosis  extends  beyond  the  internal 
activities  of  SPB  to  the  extramural  community  where  increasing  interest  in 
multidisciplinary  efforts  is  increasingly  evident. 

A  brief  description  for  each  of  the  SPB  Programs  follows: 

Biometry:  This  Program  was  recently  established  by  transfer  of  approximately 
25  percent  of  the  research  activity  from  the  older,  established  Epidemiology 
Program.  At  present  it  is  entirely  a  grant  activity.  In  the  future,  con- 
tracts may  be  considered  in  order  to  provide  resources  to  the  scientific 
community.  This  Program  deals  with:  mathematical  models  relevant  to  cancer 
biology;  statistical  techniques  to  test  potential  carcinogens;  record  linkage 
for  investigations  involving  special  population  groups  and  cancer  registries 
or  death  lists;  techniques  to  evaluate  cancer  screening  tests  and  procedures; 
evaluating  estimates  of  cancer  risk  from  low-dose  exposure  to  carcinogens; 
and  determining  effects  of  patient  characteristics  on  survival/analysis  of 
competing  risks. 

Diet/Nutrition:  The  Diet  Nutrition  and  Cancer  Program  (DNCP)  was  established 
in  1974  to  "collect,  analyze  and  disseminate  information  concerning  the 
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relationship  between  cancer  and  nutrition  that  would  be  beneficial  in  the 
prevention,  diagnosis  and  treatment  of  cancer."  This  activity  was  supported 
entirely  through  use  of  the"  contract  mechanism.  In  view  of  the  increasing 
importance  given  to  nutrition  in  all  phases  of  the  Cancer  Program,  the  DNCP 
was  reorganized  in  1978  and  specific  elements  were  divided  among  three 
divisions  and  the  Office  of  the  Director  (OD,  NCI).  While  overall  coordination 
and  dissemination  responsibilities  lie  in  the  OD,  funding  and  management 
activities  reside  in  the  Division  of  Cancer  Treatment  (DCT),  Division  of 
Cancer  Control  and  Rehabilitation  (DCCR) ,  and  the  DCCP.  All  DCCP  nutrition 
related  activities  are  concerned  with  etiology  and/or  prevention  and  both 
grants  and  contracts  are  the  responsibility  of  the  Diet/Nutrition  Program, 
Special  Programs  Branch  (DNP-SPB).  An  NCI-wide  program  announcement  in 
nutrition  was  issued  September  25,  1978,  in  order  to  encourage  more  investi- 
gator-initiated research  through  the  traditional  grant  mechanism.  Examples 
of  specific  research  area  which  DCCP  has  announced  its  intent  to  support 
are:  excretion  of  mutagens/carcinogens  and  relation  to  tumor  development- 
potentiation/promotion;  role  of  defined  substances  (e.g.,  specific  nutrients, 
vitamins,  minerals/trace  elements)  and  non-nutrients  (e.g.,  various  fiber 
types)  in  carcinogenesis  or  its  inhibition;  evaluation  of  cooking/processing 
methods  for  human  foods  relative  to  formation  of  mutagens  and/or  carcinogens; 
epidemiologic  relationships  of  diet  to  cancer  incidence  and  prevention; 
dietary  influences  on  host  factors  involved  in  pathogenesis  (e.g.,  exposure 
of  carcinogens  to  mucosal  target  areas,  influence  on  microbial  populations, 
cell-mediated  and  humoral  immune  mechanisms,  as  well  as  endogenous  hormone 
responses);  and,  development  of  methods  or  refinement  of  techniques  for 
identifying  putative  carcinogens  in  food,  body  fluids  and  feces.  With  the 
cooperation  of  the  National  Instiute  of  Alcohol  Abuse  and  Alcoholism  (NIAA), 
an  NCI-wide  DNCP  program  announcement  was  issued  January  3,  1980  inviting 
investigator-initiated  research  proposals  in  studies  of  alcohol  and  cancer. 
During  FY'80  three  "state  of  the  art"  workshops  were  sponsored  by  the  SPB: 
(1)  Esophageal  and  Prostatic  Cancer  in  Blacks  and  Whites;  (2)  Fat  and  Cancer; 
and,  (3)  Lipid  Oxidation,  Vitamin  E,  Selenium  and  Carcinogenesis. 

Epidemiology:  Since  1967  the  extramural  Epidemiology  Program  has  consisted 
of  five  components:   traditional  epidemiology,  human  genetics,  biomedical 
communications,  behavioral  research  and  biometry.  In  1973  the  Division  of 
Cancer  Control  and  Rehabilitation  was  established  with  strong  program  interests 
in  motivation,  communication  and  coping  as  behavioral  problems.  This  led  to 
some  narrowing  of  Epidemiology  Program  activities  in  behavioral  research,  but 
with  increased  efforts  related  to  etiology  and  prevention.  During  1979, 
Biometry  was  identified  as  a  component  deserving  special  attention,  leading 
to  its  development  as  a  new  Program  within  the  Special  Programs  Branch.  Areas 
of  specific  research  interest  supported  entirely  by  the  grants  mechanism 
currently  include:  natural  history  of  neoplasia  in  humans;  incidence  and 
prevalence  of  various  human  cancer  in  different  geographic  locations;  causal 
factors/causal  associations  related  to  cancer;  intrinsic  and  extrinsic  risk 
factors  for  various  cancers;  potential  for  preventive  intervention;  improved 
design  and  conduct  of  epidemiologic  studies;  and,  assessment  of  relative 
contributions  of  environmental  and  genetic  risks. 

Smoking  and  Health:  The  NCI  Smoking  and  Health  Program  (SHP)  was  begun  in 
1968  solely  as  a  contract  effort.  Since  its  relocation  from  the  OD,  DCCP  to 
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the  Chemical  and  Physical  Carcinogenesis  Branch  in  1978  and  subsequent  transfer 
to  SPB  in  1979,  the  SHP  has  sought:  to  identify  individuals  (groups)  at  high 
risk  to  tobacco-related  diseases;  to  develop  supplementary  aids  for  assisting 
in  smoking  cessation;  and  for  means  by   which  to  reduce  the  hazards  of  smoking 
products  for  persons  unable  to  give  up  their  habit  or  addiction.  In  a  manner 
similar  to  that  described  above  for  Diet/Nutrition,  the  SHP  activities  have 
been  divided  between  two  NCI  Divisions  [DCCR  and  DCCP)  with  coordination 
responsibilities  in  the  OD,  NCI.  The  larger  effort  now  termed  Smoking, 
Cancer  and  Health  Program/NCI  (SCHP/NCI)  includes  those  tobacco  related 
research  activities  in  epidemiology  and  toxicology  of  the  Special  Programs 
Branch  (SHP-SPB).  The  SHP-SPB  funded  its  first  grant-related  activity 
in  FY' 80,  shortly  before  the  SCHP/NCI  announced  its  intent  to  expand  research 
activities  on  January  3,  1980.  It  is  anticipated  that  increasing  numbers 
of  investigator-initiated  activities  will  now  emerge  in  the  more  basic 
research  areas  of  the  SHP-SPB.  In  addition,  the  SHP-SPB  met  with  its  advisory 
group  early  in  1980  to  evaluate  current  contract  activities  in  epidemiological 
areas  of  the  Program  as  the  initial  step  in  evaluating  the  need  for  possible 
future  targeted  research  not  likely  to  be  met  through  traditional  approaches. 

Preventive  Oncology  Academic  Award  (POM):  In  addition  to  the  recent  Program 
Announcements  of  established  programs  within  the  Special  Programs  Branch 
outlined  above,  a  third  announcement  on  January  3,  1980  has  declared  the 
intent  of  SPB-NCI  to  "stimulate  research  and  education  for  cancer  prevention 
in  schools*  that  do  not  have  such  programs  and  to  strengthen  and  improve 
these  programs  in  schools  that  do."  Two  receipt  dates  for  proposals  were 
declared  in  1980  (March  and  May).  Those  applications  received  for  the 
earlier  deadline  were  reviewed  (initial  review)  at  a  special  meeting  of  the 
Cancer  Research  Manpower  Review  Committee,  June  5-7,  1980.  Results  of  the 
initial  review  of  19  POAA  will  be  made  available  to  members  of  the  National 
Cancer  Advisory  Board  and  their  recommendations  will  be  solicited  for 
possible  funding  of  meritorious  proposals  at  the  end  of  FY'80. 


*defined  as  schools  of  dentistry,  medicine,  osteopathy,  public  health 
or  NCI-designated  career  centers. 


The  following  Table  provides  an  estimate  of  grant  and  contract  support  in 
the  established  Special  Programs  Branch  (Preventive  Oncology  Academic  Awards 
will  be  included  in  the  1981  Annual  Report). 
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TABLE  I 


SPECIAL  PROGRAMS  BRANCH 


FY  1980 


CONTRACTS 


GRANTS 


No.  of        $ 
Contracts   (Millions) 


Siometry  Program 
Contracts: 


No.  of       $ 
Grants    (Millions) 


30 


3.08 


Grants: 
Traditional  (ROl) 
Conference  (R13) 
New  Investigator  (R23; 
Program  Project  (POl) 
Total/Biometry 

Diet/Nutrition,  DCCP 
Contracts: 


30 

3.08 

1 

0.10 

0 

0 

2 

0.49 

33 

3.67 

4.9 


Grants: 

Traditional  (ROl) 
Conference  (R13) 
New  Investigator  (R23) 
Program  Project  (POl) 
Clin.  Nut.  Res.  (P30) 

Total /Diet/Nutrition 

Epidemiology  Program 
Contracts: 
Contracts: 


4.9 


50 

4.96 

0 

0 

0 

0 

2 

1.17 

2 

0.51 

54 

6.64 

Grants: 
Traditional  (ROl) 
Conference  (R13) 
New  Investigator  (R23) 
Program  Project  (POl) 
Total /Epidemiology 

Smoking  and  Health  Program 
Contracts: 


0 
19 


44 

3.71 

2 

0.21 

1 

0.03 

3 

1.74 

50 

5.69 

3.15 


Grants: 
Traditional  (ROl) 
Conference  (R13) 
New  Investigator  (R23) 
Program  Projects  (POl) 
Total /Smoking 


19 


3.15 


2 

0.08 

0 

0 

0 

0 

0 

0 

2 

0.08 
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BIOMETRY  SUMMARY 


Description 

The  extramural  Biometry  Program  houses  a  variety  of  basic  development  activi- 
ties unique  to  the  epidemiologic  study  of  carcinogenic  processes.  Theoretical 
problems  posed  are  explored  by  means  of  mathematical  modeling  relating  cancer 
to  cell  biology;  development  of  statistical  techniques  to  evaluate  survival 
data,  potential  carcinogens,  dose-response  and  competing  risks.  Adjunct  to 
the  theoretical  activities  are  the  development  of  computer  software,  data 
management  systems,  (record  linkage)  and  tumor  registries. 

The  intent  of  the  Biometry  Program  is  to  foster  innovative  research  which  once 
developed  and  tested  will  be  made  available  in  transportable  (useable)  form 
to  epidemiologists  and  applied  statisticians  engaged  in  oncological  research. 
In  this  way  the  Program  makes  significant  contribution  to  areas  of  investi- 
gation including  those  of  the  Special  Programs  Branch. 

Research  Accomplishments 

Mathematical  models  of  carcinogenic  processes,  i.e.,  sets  of  assumptions  about 
the  mechanisms  by  which  cancer  is  induced  (including  possible  consequences  of 
manipulating  one  or  more  of  these  assumptions),  may  provide  insight  into  the 
nature  of  the  fundamental  abnormalities  involved.  Such  models  can  lead  to  new 
and  more  effective  treatment  protocols  and  furnish  clinicians  with  parameters 
and  indices  for  predicting  and  monitoring  the  progress  of  disease  states.  The 
following  examples  of  theoretical  modeling  currently  supported  by  the  Biometry 
Program  are  intended  to  depict  the  scope  of  activities  in  this  area. 

Efforts  have  been  made  to  develop  models  which  mimic  the  growth  and  develop- 
ment of  leukemic  neoplasms  in  contrast  to  normal  hematopoiesis  (Rubinow,  1979) 
(Rubinow,  In  Press).  These  particular  models  will  be  applied  to  data  involving 
the  temporal  development  of  progenitor  cells  taken  from  the  marrow  of 
human  marrow  transplant  recipients.  Hopefully,  the  model  will  be  found  to 
fit  cell  cycle  characteristics,  taking  into  account  cloning,  differentiation 
and  mutation  capacities.  If  successful,  guidelines  can  be  developed  for 
evaluating  the  post  transplant  (bone  marrow)  patient  in  relation  to  regeneration 
of  hematopoietic  function  together  with  the  attendant  risk  of  leukemic 
recurrence. 

The  Hahn  "state  vector"  model,  as  used  in  cell  kinetics,  has  been  analyzed  in 
detail  and  a  number  of  important  questions  regarding  its  use  resolved  (White, 
1979).  In  conjunction  with  this  work,  the  model  was  extended  from  discrete 
to  continuous  time  to  permit  its  use  in  flow  cytometry  thereby  obtaining 
information  on  the  rate  of  DNA  synthesis  (White,  In  Press). 

A  basic  two-stage  mathematical  model  has  been  developed  for  the  carcinogenic 
process.  This  model  views  carcinogenesis  as  the  end  result  of  two  discrete  and 
specific  events  at  the  cellular  level,  while  allowing  for  influences  of  age, 
environmental  variation  and  genetic  predisposition  on  incidence.  Attention  is 
also  given  to:  (1)  cellular  kinetics  of  tissue  growth,  maintenance  and  death; 
(2)  long  latent  periods  often  operative  in  environmental  carcinogenesis,  and 
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(3)  experimental  evidence  for  tumor  initiation  and  promotion.  The  model  has 
been  tested  against  age-specific  incidence  data  on  breast  cancer  and  appears 
not  only  to  fit  well,  but  may  also  provide  a  natural  interpretation  for  this 
disease  process  (Moolgavkar,  1979). 

A  model  has  also  been  developed  for  analyzing  the  combined  effects  of  two  or 
more  environmental  toxicants  in  the  carcinogenic  process.  The  investigation 
was  directed  toward  understanding  the  effects  of  cigarette  smoke  and  asbestos 
exposure  on  cellular  atypia  in  sputum  CWhittmore,  1979).  Development  of  this 
model  led  to  estimating  human  cancer  risk  at  low  doses  of  environmental  car- 
cinogens in  respect  to  the  sensitivity  of  risk  estimates  to  implicit  assump- 
tions in  the  model,  and  to  the  study  of  the  distribution  of  a  proposed  estimate 
of  attributable  risk  for  a  risk  factor  (e.g.,  asbestos  exposure)  when  there 
is  interaction  (e.g.,  cigarette  smoke)  in  the  disease  process. 

Another  area  of  interest  in  the  Biometry  Program  relates  to  extending  newer 
theoretical  statistical  methodologies  to  the  fields  of  biomedical  research 
and  epidemiology.  This  is  of  particular  importance  because  serious  deficiencies 
often  exist  in  new  methods  which  render  them  unsuitable  for  direct  application 
to  physiological  data.  One  such  investigation  dealing  with  clinical  trials 
has  resulted  in  the  development  of  a  treatment  versus  control  model  sufficiently 
flexible  to  allow  adaption  to  analysis  of  human  and  animal  tumor  studies. 
Among  the  problems  needing  resolution  were  those  related  to  censored  obser- 
vations. A  two-stage  technique  was  developed  which  permits  selection  of 
efficacious  treatments  from  a  collection  of  treatments  as  compared  to  a  standard 
when  variances  of  the  responses  are  unequal  and/or  unknown  (Dudewicz,  1980). 

An  estimation  procedure  has  been  developed  for  the  semi-Markov  process  enabling 
one  to  model  any  clinical  trial  by  choosing  states  to  describe  the  disease 
status  of  the  subject.  This  model  has  proven  useful  when  applied  to  several 
sets  of  clinical  trial  data  in  which  conventional  methods  did  not  seem  appro- 
priate (Legakos,  1978).  More  recent  work  has  led  to  the  description  of  an 
objective  way  to  terminate  a  clinical  trial.  This  decision  theory  is  con- 
structed using  Bayesian  principles  which  indicate  that  a  particular  trial 
should  be  stopped  if  there  are  likely  to  be  more  promising  treatments  to 
substitute.  This  has  now  been  used  to  end  several  trials  before  originally 
anticipated  and  in  each  case  the  newly  substituted  treatment  was  later  verified 
as  more  efficacious  (Gelman,  In  Press). 

Data  bases  for  use  in  cancer  epidemiology  are  being  constructed  to  enable 
researchers  to  access  information  on  demographic  and  socioeconomic  status, 
morbidity  and  mortality.  Creation  of  a  useful  data  base  involves  substantial 
sophisticated  computer  software  development  since  the  necessary  data  must  be 
taken  from  a  variety  of  non-uniform  resources.  Abstracts  of  hospital  and 
clinic  records,  for  example,  must  be  coded  for  computer  entry  and  linked  with 
other  sources  of  mortality,  tumor  and  genealogical  data  where  available.  The 
data  base  once  created  must  be  edited  for  consistency  and  uniqueness  (matching) 
and  finally  put  into  a  form  suitable  for  analysis.  Ideally,  the  software 
developed  can  be  packaged  for  use  by  other  groups  of  investigators.  In  one 
case,  seventeen  technical  reports  documenting  computerized  statistical  method- 
ology have  been  generated  (Hasstedt,  1979). 
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Projections 

Future  plans  include  encouragement  of  additional  activity  in  theoretical 
statistics;  the  desired  end  product  being  an  extension  (in  useable  form) 
to  the  fields  of  applied  biostatistics  and  epidemiology.  Pedigree  analysis, 
studying  predisposition  to  cancers  of  particular  sites,  and  genetic  marker 
identification  are  other  areas  of  research  interest  with  exciting  potential 
for  new  developments.  Work  will  continue  toward  development  of  more  efficient 
clinical  trials,  more  effective  analysis  of  survival  data  and  more  sophisticated 
computer  software.  The  latter  will  include  new  areas  of  graphics,  optics, 
and  more  efficient  access  to  data  bases  by  an  increasing  number  of  investi- 
gators. It  is  anticipated  that  multidisciplinary  program  projects  will  emerge 
which  incorporate  several  of  these  activities  within  a  single  investigation. 
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DIET  AND  NUTRITION  SUMMARY 

Description 

The  Diet  and  Nutrition  Program  of  the  Special  Programs  Branch  (DNP-SPB)  is 
responsible  for  those  aspects  of  nutrition  which  may  be  related  to  cause  and/ 
or  prevention  of  cancer  in  humans,  but  does  not  include  those  parts  of  the 
NCI-wide  Diet,  Nutrition  and  Cancer  Program  (DNCP)  dealing  with  special 
nutritional  needs  of  sick  patients  or  tumor-bearing  models.  This  DNP-SPB  was 
initiated  early  in  1979  by  transfer  of  several  appropriate  ongoing  grants  and 
contracts.  In  addition,  as  the  result  of  an  NCI-wide  program  announcement 
in  nutrition,  new  investigator-initiated  grant  proposals  were  invited.  Together 
with  the  above  mentioned  transferred  activities,  there  are  presently  54  grants 
and  8  contracts  in  this  new  program. 

Research  Accomplishments 

The  DNP-SPB  currently  supports  several  laboratory  investigations  searching 
for  etiologic  factors  related  to  nutrition.  These  include  studies  of  chemical 
and  molecular  mechanisms  of  cancer  induction  by  a  variety  of  dietary  con- 
stituents, e.g.,  mycotoxins,  nitroso  compounds,  fiber,  fats  of  varying 
saturation  levels,  proteins  of  various  types  and  levels,  compounds  associated 
with  the  gut  including  bile  acids/fecal  steroids  and  influence  of  fecal  micro- 
flora. 

Epidemiological  evidence  indicates  that  diet,  as  an  etiologic  factor  distinct 
from  dietary  contaminants  and  from  genetic  and  environmental  factors,  plays 
a  role  in  the  causation  of  some  forms  of  cancer.  Mormons  experience  a  lower 
incidence  of  certain  cancers  when  compared  to  the  general  U.S.  population 
(Lyon,  1976).  A  recently  initiated  case-control  study  has  begun  to  evaluate 
the  role  and  interrelationships  of  diet  and  nutrition  to  colon  cancer  by  use 
of  interview  and  correlation  of  this  information  with  certain  laboratory 
measurements  on  body  fluids  and  feces,  as  well  as  samples  of  commercial  and 
home-processed  foods  consumed  by  this  group.  A  second  part  of  this  study  is 
concerned  with  determining  the  effects  of  the  various  types  of  dietary  fiber 
on  selected  enzyme  systems  thought  to  be  related  to  colon  cancer. 

Mortality  rates  among  Seventh-Day  Adventists  (SDA)  are  lower  than  these  of  the 
general  population  for  breast  and  colon  cancer  (Phillips,  1975).  Ongoing 
comparative  studies  among  California  SDA  vegetarians,  SDA-nonvegetarians  and 
general  population  controls  may  provide  evidence  regarding  dietary  relation- 
ships to  carcinogenesis  in  the  three  groups.  One  case  control  study  is  taking 
advantage  of  the  multiethnic  population  of  Hawaii  to  test  the  hypothesis  that 
dietary  vitamin  A  may  be  protective  against  the  development  of  lung  cancer. 

A  newly  initiated  study  addresses  questions  regarding  the  possible  association 
of  various  dietary  constituents  and  cancer  of  the  breast  and  large  bowel.  This 
dietary  study  is  being  done  by  taking  advantage  of  an  ongoing  prospective  study 
of  risk  factors  for  breast  cancer  in  nurses  who  complete  a  mail  questionnaire 
on  a  biennial  basis. 

1660 


Vitamins  have  also  been  examined  for  their  role  in  carcinogenesis.  In  a  case- 
control  study  of  women  matched  for  age,  parity,  ethnicity  and  income,  the 
concentration  of  cellular  retinol  binding  protein  and  cellular  retinoic  acid 
binding  protein  are  significantly  different  in  normal  cervices  as  compared  with 
dysplastic  cervical  lesions  (Palan,  1979).  The  concentrations  of  the  binding 
proteins  in  biopsy  material  of  normal  cervices  are  significantly  different 
from  tissue  aliquots  of  invasive  cancer.  The  results  of  a  dietary  survey  in 
this  same  study  failed  to  substantiate  the  hypothesis  that  women  with  cervical 
dysplasia  or  carcinoma  in  situ  may  have  a  lower  mean  dietary  intake  of  vitamin 
A  than  matched  control  women  with  normal  cervical  cytology. 

When  animals  are  permitted  to  self-select  from  several  diets,  there  is 
evidence  that  the  usual  selection  is  that  which  maximizes  growth  rates  but 
also  enhances  spontaneous  tumor  incidence  (Ross,  1979).  When  the  intervention 
diet  is  tailored  to  the  individual  so  as  to  differ  from  the  one  preferred  by 
the  animal,  the  risk  of  developing  a  spontaneous  tumor  is  substantially 
reduced.  This  tumor  reducing  effect  seems  to  be  limited  to  tumors  of  epi- 
thelial tissue  origin.  Another  study  will  test  the  theory  that  undernourish- 
ment, as  opposed  to  malnourishment  increases  life  span,  diminishes  cancer 
incidence  and  also  prevents  aging  of  the  immunological  systems.  Studies  are 
underway  in  rats  to  evaluate  mechanisms  hy   which  long-term  dietary  restrictions 
may  diminish  tumor  incidence,  and,  to  examine  the  possibility  that  physical 
exercise  may  produce  the  same  effect. 

Several  studies  are  underway  to  evaluate  the  effect  of  selected  nutritional 
stresses,  amino  acid  deficiencies,  protein  deficiency,  high  tryptophan 
diet  and  alcohol  on  the  induction  of  liver  cancer  due  to  chemical  carcinogens. 
The  effect  of  dietary  alterations  on  the  growth  of  intrahepatically  trans- 
planted hepatomas  is  being  evaluated  (Murthy,  1979,  1980).  Another  study 
seeks  to  determine  the  effect  of  dimethylnitrosamine  on  the  structure  of 
mouse  liver  DNA  and  the  protection  against  changes  by  dietary  protein  and 
sulfur  amino  acids. 

An  ongoing  in  vitro  study  is  examining  the  role  of  cholesterol  biosynthesis 
in  the  generation  of  functionally  active  lymphocytes.  It  was  shown  that  de 
novo  synthesis  of  cholesterol  is  a  prerequisite  for  the  proliferation  and 
acquisition  of  highly  specialized  differentiated  functions  of  immunocompetent 
cells.  Oxygenated  derivatives  of  cholesterol  were  found  to  be  potent  and 
specific  inhibitors  of  sterol  synthesis  in  normal  and  leukemic  lymphocytes 
(Kandutsch,  1978). 

It  has  been  observed  that  tumor  cell  lines  cultured  in  vitro  are  more  sensitive 
to  arginine  deprivation  than  are  various  normal  cell  lines,  and  that  activated 
macrophages  may  be  cytoxic  to  some  tumor  cell  lines  by  virtue  of  releasing 
arginase  into  the  environment.  It  is  proposed  that  administration  of  arginase 
together  with  an  arginine  deficient  diet  and/or  canavarine,  an  arginine  anta- 
gonist, may  be  an  effective  approach  to  the  therapy  of  cancer. 

In  a  recently  completed  study,  it  was  observed  that  dietary  cholesterol  is 
involved  in  some  manner  in  moderating  the  carcinogenic  action  of  UV  light 
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(Black,  1979).  Whether  dietary  cholesterol  affects  tumor  development  by 
directly  participating  in  the  carcinogenic  process  or  indirectly,  by  modifying 
the  host  cells  physiologic-  composition  by  altering  membrane  characteristics 
and  response  to  carcinogenic  insult  is  unknown  at  present. 

Individuals  at  high  risk  for  breast  cancer  may  possess  intestinal  microflora 
that  are  efficient  in  producing  estrogen  or  other  substances  which  enter  the 
circulation  and  serve  as  direct  carcinogens  or  promotors  of  carcingenic 
activity.  It  is  postulated  that  specific  diets  may  alter  microbial  population 
which  in  turn  may  enhance  or  diminish  the  risk  for  breast  cancer. 

The  basis  for  a  recently  initiated  study  is  the  possible  involvement  of 
dietary  fiber  in  protecting  against  certain  carcinogenic  materials  in  foods. 
Lignin,  a  major  component  of  fiber  of  plant  origin,  will  be  examined  with 
regard  to  its  antioxidant  and  binding  characteristics.  The  antioxidant 
characteristics  may  be  of  value  as  a  free  radical  scavenger  and  reducing 
agent;  binding  and  chemical  reaction  with  carcinogens  and  cocarcinogens  might 
also  reflect  a  protective  capability.  An  ongoing  study  has  begun  to  examine 
possible  ways  to  prevent  tumor  promotion  by  diet  modification  with  various 
protease  inhibitors  present  in  plants  (Troll,  1976).  It  is  also  planned  to 
characterize  human  foods  containing  protease  inhibitors  for  possible  relation- 
ships to  low  cancer  incidence  in  certain  vegetarian  populations. 

Studies  are  underway  to  evaluate  the  effects  of  types  and  levels  of  protein  on 
the  induction  and  progression  of  both  spontaneous  and  chemically-induced  tumors 
in  mice.  A  preliminary  evaluation  of  tumor  incidence  suggests  that  the 
stimulatory  effect  of  dietary  fat  on  the  promotion  phase  of  dimethyl benzanthra- 
cene  carcinogenesis  is  most  striking  when  the  protein  intake  approximates  the 
dietary  requirement  (15  percent)  [Visek,  1980). 

Recently  initiated  studies  designed  to  determine  the  effect  of  feeding  con- 
trolled levels  of  isocaloric  variable  protein  and  moderately  high  fat  diets 
throughout  the  period  of  fetal,  neonatal  and  adult  development  on  demethyl- 
benzanthracene  induced,  prolactin  dependent,  rat  mammary  tumors  may  provide 
new  information  on  the  neuroendocrine  mechanisms  involved. 

The  rainbow  trout  is  being  used  to  study  the  effect  of  dietary  protein  on 
hepatocellular  carcinoma  induced  by  Aflatoxin  B,  (AFB,).  Exposure  of  trout 
eggs  to  AFB-,  for  a  short  period  yields  a  population  of  latent  cancer-bearing 
animals  in  which  dietary  parameters  can  be  evaluated. 

Several  studies  have  recently  been  initiated  to  determine  the  role  of  dietary 
selenium  in  carcinogenesis.  They  include  determining  the  effect  of  selenium 
on  chemically  induced  pancreatic  and  mammary  tumors  in  animals,  possible 
dietary  fat-selenium  interactions  on  the  development  of  spontaneous  mammary 
tumors,  the  influence  of  selenium  on  lipid  peroxidation^and  the  use  of  neutron 
activation  analysis  technique  for  determining   Se  and   Se  in  plasma,  urine 
and  feces  and  comparing  the  bioavailability  of  three  different  forms  of 
selenium--selenite,  selenomethionine  and  factor  III. 

It  has  been  observed  that  serum  and  tissue  levels  of  zinc  are  low  in  human 
patients  with  esophageal  cancer,  compared  to  patients  with  other  types  of 
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cancer  and  non-neoplastic  diseases  and  control  subjects  (Prasad,  1965, 
Von  Pfeiil sticker,  1965).  Ongoing  studies  are  designed  to  analyze  the  effects 
of  zinc  deficiency,  alcohol  consumption,  vitamin  A  and  analogues  on  esophageal 
carcinogenesis  by  MBN  in  the  rat. 

A  number  of  investigators  are  currently  studying  the  influence  of  the  amount 
and  degree  of  unsaturation  of  dietary  fat  on  tumor  production  by  chemical 
carcinogens  in  the  presence  or  absence  of  antioxidants  (King,  1979)  and  the 
effect  of  deprivation  or  supplementation  at  various  levels  of  thiamine  and 
of  essential  fatty  acids  on  the  capacity  of  the  hepatic  drug  metabolizing 
system  to  metabolize  carcinogens.  In  one  study  it  was  observed  that  mammary 
tumors  grew  yery   slowly  and  often  regressed  on  a  low  fat  diet;  tumors  grow 
more  rapidly  on  a  20  percent  saturated  fat  diet,  and  much  more  rapidly  on  a 
20  percent  polyunsaturated  fat  diet. 

A  variant  of  a  sarcoma  cell  line  has  been  isolated  by  in  vitro  growth  in  the 
absence  of  lipids.  K3T3  sarcoma  cell  line  and  its  variant  AK3T3  differ  in 
their  ability  to  produce  tumors  as  the  degree  of  unsaturation  of  dietary 
lipids  vary.  The  two  sarcoma  cell  lines  should  provide  a  model  for  tumor 
cell  variations  in  response  to  diet  [Corwin,  1979). 

Two  investigators,  working  cooperatively,  have  completed  a  review  of  the 
literature  to  compile  a  listing  of  techniques  for  determining  the  mutagenic 
potential  of  various  foods,  and  body  fluids/excretions  of  subjects  consuming 
these  foods.  Recommendations  for  procedures  of  choice  to  be  used  in  examining 
each  of  the  sample  types  will  be  made  following  additional  development  and 
refinement  of  procedures. 

Conditions  which  contribute  to  the  formation  and  occurrence  of  carcinogenic 
N-nitroso  compounds  or  their  precursors  in  various  foods  including  meat, 
cheese,  milk  and  dried  egg  products  as  well  as  influences  of  various  methods 
of  thermal  processing,  spray  drying,  drum  drying,  pasteurization,  and  cooking 
by  frying,  broiling  and  microwave  are  being  investigated.  Methods  are  being 
developed  to  detect  and  identify  nttrosamtnes  which  may  be  found  in  food 
systems  (Hotchkiss,  1980).  Trace  levels  of  N-nitrosodimethyl amine  (NOMA)  were 
detected  in  beer,  nonfat  dried  milk  and  dried  buttermilk  produced  in  the  U.S. 
(Scanlan,  In  Press,  Libbey,  In  Press). 

Projections 

There  is  a  great  need  to  supplement  epidemiologic  investigations  in  well- 
defined  populations.  Future  emphasis  will  include  expanded  efforts  in 
"metabolic  epidemiology"  in  order  to  better  characterize  the  differences  in 
dietary  habits  which  may  alter  physiological  patterns.  Characterization  of 
bile  salts,  fecal  steroids  Ctncludtng  cholesterol),  gut  microbial  flora  and 
various  types  of  fiber  are  of  critical  needs  in  colon  cancer  studies. 

Research  will  be  encouraged  to  better  define  possible  relationships  of  diet 
to  homeostatic  mechanisms  operating  within  the  host  which  may  alter  responses 
to  carcinogenic  exposure.  It  is  anticipated  that  such  efforts  will  include 
influences  on  cell -mediated  and  humoral  immune  mechanisms  and  endogenous 
hormonal  responses. 
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Additional  in-depth  studies  of  certain  food  fractions  previously  associated 
with  carcinogenesis  inhibition,  in  order  to  provide  a  rationale  for  primary 
prevention  activity  based  on  mechanisms  of  pathogenesis  are  also  desirable. 

As  the  result  of  planned  workshops,  additional  formal  advertisements  for 
investigations  in  well  focused  areas  may  be  initiated.  The  use  of  grant 
mechanisms  is  anticipated  for  the  basic  investigational  approaches.  Contract 
activities  may  be  desirable  in  areas  where  there  is  a  need  for  close  monitoring, 
NCI  direction,  or  resource  provision. 
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DIET  AND  NUTRITION  PROGRAM 
CONTRACT  NARRATIVES 

ALBERT  EINSTEIN  COLLEGE  OF  MEDICINE  (NOl-CP-65788) 

Title:  Correlation  of  Epidemiologic  and  Metabolic  Parameters 

Contractor's  Project  Director:  Dr.  Seymour  L.  Romney 

Project  Officer  (NCI):  Dr.  A.  R.  Patel 

Objectives:  (1)  to  investigate  the  presence,  quantity  and  distribution  of 
cellular  retinol  (CRBP)  and  retinoic  acid  (CRABP)  binding  proteins  in  the 
tissue  samples  of  dysplastic,  in  situ  and  invasive  carcinomas  of  the  human 
uterine  cervix,  (2)  in  conjunction  with  these  studies,  to  determine  the  tissue 
distribution  and  concentration  of  retinol,  retinoic  acid  and  metabolite(s)  by 
HPLC,  (3)  to  conclude  a  dietary  and  epidemiologic  survey  of  women  determined 
to  be  at  risk  for  cervix  cancer  because  of  an  abnormal  Pap  smear. 

Major  Findings:  In  a  case-control  study  of  women  matched  for  age,  parity, 
ethnicity  and  income,  the  concentrations  of  CRBP  and  CRABP  are  significantly 
different  in  normal  cervices  compared  with  dysplastic  cervical  lesions.  The 
concentrations  of  the  binding  proteins  in  biopsy  material  of  normal  cervices 
are  significantly  different  from  tissue  aliquots  of  invasive  cancer.  Endo- 
genous retinol  is  easily  detected  by  HPLC  techniques.  It  was  not  detectable 
in  the  invasive  carcinoma  tissue  investigated.  The  dietary  survey  failed  to 
substantiate  any  hypothesis  that  women  with  cervical  dysplasia  or  carcinoma 
in  situ  would  have  a  lower  mean  dietary  intake  of  vitamin  A  than  matched  con- 
trol women  with  normal  cervical  cytology. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  Pre- 
vious studies  have  shown  that  vitamin  A  is  important  for  normal  growth  and 
proper  cellular  differentiation  of  epithelial  cells.  Cancer  of  the  cervix  is 
the  abnormal  growth  of  the  epithelial  cells  of  cervical  tissue;  hence  this 
study  is  designed  to  investigate  dietary  vitamin  A  and  the  mechanism  of  vitamin 
A  uptake  in  women  with  cervical  cancer  or  dysplasia  and  normal  controls. 

Proposed  Course:  The  contract  will  expire  on  August  31,  1980. 

Date  Contract  Initiated:  June  30,  1976. 

Current  Annual  Level :  $98,500. 

INTERNATIONAL  AGENCY  FOR  RESEARCH  ON  CANCER  (lARC)   (NOl-CP-71048) 
Title:  Etiology  of  Esophageal  Cancer  in  the  Caspian  Littoral  of  Iran. 
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Contractor's  Project  Director:  Dr.  N.  E.  Day 

Project  Officer  (NCI):  Dr.  Donald  H.  Luecke 

Objectives:  (1)  to  identify  the  etiologic  factors  associated  with  the  vari- 
ations in  esophageal  cancer  incidence  along  the  Caspian  Littoral  of  Iran,  (2) 
to  test  the  hypothesis  that  a  powerful  carcinogen  is  contained  in  opium  dross 
and  which  may  act  on  the  esophagus  rendered  susceptible  by  nutritional  inade- 
quacies. 

Major  Findings:  1.  Screening  for  "precancerous"  lesions  of  the  esophagus  in 
the  high  incidence  area:  An  esophagoscopic  survey  by  a  study  group  (Dr.  N. 
Munoz  of  the  lARC,  Professor  M.  Crespi  and  Dr.  A.  Grassi  of  the  Regina  Elena 
Institute,  Rome)  was  carried  out  on  430  subjects.  A  high  prevalence  (80%)  of 
chronic  esophagitis  was  found  in  females  and  males,  even  in  the  younger  age 
groups.  Sixteen  cases  of  dysplasia  (3.8%)  and  11  cases  of  invasive  squamous 
cell  carcinoma  (2.6%)  were  recorded.  It  was  hoped  to  carry  out  a  similar  survey 
in  a  low  risk  area  and  to  follow  up  the  patients  from  the  above  study  in  the 
high  risk  area,  but  both  these  activities  have  had  to  be  postponed  in  the  light 
of  the  present  situation  in  Iran  (Crespi,  M.,  Munoz,  N.  Grassi,  A.,  et  al.. 
Lancet,  ii:  217-221,  1979). 

2.  Field  Studies:  A  case  household-control  household  study  was  begun  in  June 
1978,  then  prematurely  terminated  in  October  1978  due  to  increasing  difficulties 
in  the  field.  Forty-one  locations  had  been  studied.  In  each  location  a  case 
household  and  two  control  households  were  investigated.  The  biological  para- 
meters investigated  were:  (1)  biochemical  measures  of  nutritional  status;  (2) 
testing  urine  for  morphine  metabolites  to  assess  exposure  to  opium;  (3)  asses- 
sing the  ability  of  the  liver  to  metabolize  carcinogens  such  as  polycyclic 
hydrocarbons  using  antipyrine  estimations  on  sequential  saliva  samples;  and 

(4)  assessing  specific  mutagenic  activities  of  the  urine,  as  a  possible  marker 
of  exposure  to  opium  pyrolysis  products. 

3.  Related  laboratory  activities:  During  the  first  three  months  of  1980,  the 
urine  and  saliva  samples  arrived  in  Lyon,  after  15  months  storage  at  Teheran 
University.  It  is  unlikely  that  the  deep  freezes  in  which  the  samples  were 
stored  were  working  continuously  during  this  period  but  since  morphine  and 
antipyrine  are  stable,  it  has  been  decided  to  proceed  with  the  laboratory 
assays. 

The  markers  of  nutritional  status  were  to  be  measured  in  Teheran  and  we  have 
had  no  details  of  the  results. 

At  present,  2,000  urine  samples  are  being  tested  for  morphine  metabolites  by 
Dr.  C.  Gorodetsky  (National  Institute  on  Drug  Abuse,  Lexington,  Kentucky,  USA), 
150  saliva  samples  are  being  assayed  for  antipyrine  by  Dr.  Robertfroid  (Catholic 
University  of  Louvain,  Brussels,  Belgium).  One  hundred  samples  of  urine  will  be 
examined  for  mutagenicity  in  lARC  (Dr.  H.  Bartsch). 

As  opium  dross  itself  has  been  shown  to  be  mutagenic  by  the  Ames  test  a  series 
of  studies  is  under  way  to  identify  the  active  component  of  the  dross. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
definition  of  "precancerous"  lesions  may  allow  case-control  studies  to  be 
carried  out  at  an  earlier  stage  in  the  sequence  of  events  leading  to  the 
cancer.  Intervention  studies  can  also  be  envisaged  and  these  could  give  rise 
to  preventive  measures. 

The  work  under  way  in  1978  was  designed  to  test  the  hypothesis  that  a  power- 
ful carcinogen  contained  in  opium  dross  was  acting  on  an  esophagus  rendered 
highly  susceptible  by  specific  nutritional  inadequacies;  despite  recent  dis- 
turbances the  parts  of  this  study  which  have  been  salvaged  will  provide  some 
of  the  answers.  This  model  may  be  of  general  significance  in  the  etiology  of 
esophageal  cancer,  since  a  similar  sequence  of  events  but  with  different  risk 
factors  may  be  operating  in  other  regions  where  esophageal  cancer  is  frequent. 

Proposed  Course:  It  is  proposed  that  the  laboratory  and  statistical  analysis 
resulting  from  the  above  work  be  completed.  It  is  anticipated  that  this  will 
be  terminated  by  the  end  of  June  1981.  During  this  time  a  monograph  covering 
all  the  activities  carried  out  in  the  Caspian  Littoral  of  Iran  will  be  pre- 
pared. The  I ARC  will  meet  the  publication  costs. 

Date  Contract  Initiated:  June  30,  1977. 

Current  Annual  Level :  0. 

NATIONAL  CENTER  FOR  TOXICOLOGICAL  RESEARCH,  FDA/HHS  (YOl-CP-80208) 

Ti tl e :  Interactions  of  Diet/Nutrition  and  the  Use  of  Genetically  Distinct 
Animal  Strains  in  Carcinogenesis  Studies. 

Contractor's  Project  Director:  Dr.  Neil  A.  Littlefield 

Project  Officer  (NCI):  Dr.  A.  R.  Patel 

Objectives:  To  compare  the  influence  of  a  natural  ingredient  diet  and  a  semi- 
purified  diet  on  the  incidence  of  "spontaneous"  pathological  observations, 
estrogen-induced  lesions,  and  on  liver  and  bladder  carcinogenic  lesions  in- 
duced by  2-acetylaminofluorene  (2-AAF)  in  both  inbred  and  hybrid  mouse  strains. 

Major  Findings:  The  protocols  are  nearing  finalization  and  plans  are  being 
formed  to  commence  these  studies  in  the  near  future.  The  short-term  studies 
will  start  this  summer. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
primary  significance  of  this  experiment  will  be  to  contribute  toward  a  data 
base  comparing  the  responsiveness  of  mice  to  chemical  insult  when  maintained 
on  a  semipurified  diet  vs.  a  cereal -based  diet.  Development  of  this  data  base 
is  important  since  the  semipurified  diet  is  being  evaluated  for  use  in  extensive 
diet  and  cancer  studies.  The  use  of  a  standard  diet  for  carcinogenesis  bio- 
assays  will  allow  more  valid  comparisons  between  different  assays  by  minimi- 
zing the  variability  in  data  due  to  diets. 
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Proposed  Course:  Using  results  obtained  from  preliminary  short-term  studies, 
lifespan  studies  will  be  conducted  on  mice  over  a  24  month-plus  period. 

Date  Contract  Initiated:  September  30,  1978. 

Current  Annual  Level:  $250,000. 

SINAI  HOSPITAL  OF  BALTIMORE,  INC.   (NOl-CP-85602) 

Title:  Dietary  Patterns,  Nutritional  Assessment  and  Cancer  Incidence  of 
American  Vegetarians. 

Contractor's  Project  Director:  Dr.  P.  P.  Nair 

Project  Officer  (NCI):  Dr.  A.  R.  Patel 

Objectives:  The  objectives  of  this  project  are  to  (1)  assess  the  dietary 
patterns  and  nutrient  intake  of  California  Seventh-Day  Adventist  vegetarians; 
(2)  determine  the  differences  in  dietary  patterns  and  nutrient  intake  between 
Seventh-Day  Adventist  vegetarians  and  local  community  non-vegetarians;  and  (3) 
develop  hypotheses  concerning  the  dietary  metabolic  and  nutritional  consequences 
of  a  vegetarian  diet  as  it  relates  to  cancer  incidence. 

Major  Findings:  None  to  date. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  Several 
studies  have  demonstrated  that  vegetarians  appear  to  be  a  lower  risk  of  develop- 
ing cancer  of  a  number  of  different  sites.  Seventh-Day  Adventists  have  lower 
cancer  incidence  than  non-Adventist  populations  and  represent  a  group  where 
the  effects  of  vegetarianism  may  be  studied  without  potential  confounding  due 
to  other  factors  such  as  tobacco  usage.  This  study  will  help  define  the  pre- 
cise components  of  the  vegetarian  diet  that  result  in  lower  cancer  risk  for  vege- 
tarians. 

Proposed  Course:  Complete  computerized  statistical  analyses  of  collected  data. 

Date  Contract  Initiated:  April  24,  1978. 

Current  Annual  Level :  $200,000. 

SMITHSONIAN  INSTITUTION  (NOl-CP-85631) 

Title:  Baseline  Research  Film  Study  Among  the  Inhabitants  of  Hunza  in  the 
Karakoum  Mountains  of  Pakistan. 

Contractor's  Project  Director:  Dr.  E.  Richard  Sorenson 

Project  Officer  (NCI):  Dr.  A.  R.  Patel 
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Objectives:  To  obtain  a  comprehensive  film  record  of  characteristic  Burusho 
behavior,  including  dietary  habits  in  relation  to  the  normal  events  of  daily 
life,  as  a  means  of  discovering  the  behavioral  and  dietary  patterns  which  sus- 
tain their  type  of  adaptation  to  the  conditions  of  life  provided  by  the  harsh 
ecology  of  the  Karakoum  Mountains  in  Pakistan. 

Major  Findings:  In  anticipation  of  the  beginning  of  the  project,  basic  pre- 
parations were  undertaken  in  June  1978.  However,  due  to  the  political  situ- 
ation in  Pakistan,  we  were  unable  to  obtain  necessary  permissions  from  the 
Government  of  Pakistan  to  begin  fieldwork. 

Proposed  Course:  This  contract  is  scheduled  for  phase-out  during  FY '81. 

Date  Contract  Initiated:  May  22,  1978. 

Current  Annual  Level :  0. 

SRI  INTERNATIONAL  (NOl-CP-85620) 

Title:  Validation  and  Standardization  of  In  Vitro  Techniques  to  Assess  the 
Effects  of  Diet/Nutrition  on  the  Mutagenic/Carcinogenic  Potential  of 
Human  Secretions  and  Excretions. 

Contractor's  Project  Director:  Dr.  J.  H.  Peters 

Project  Officer  (NCI):  Dr.  A.  R.  Patel 

Objectives:  This  multidisciplinary  project  has  as  its  major  objectives  to: 
(1)  develop  and  refine  techniques  for  determining  the  mutagenic  potential  of 
various  foods  and  of  the  body  fluids  and  excretions  of  subjects  consuming 
these  foods;  (2)  identify,  separate  and  quantitate  the  compounds  responsible 
for  the  mutagenic  activity  in  foods  and  in  the  body  fluids  and  excretions  of 
subjects  consuming  these  foods;  (3)  recommend  standardized  methodologies  and 
techniques  for  performing  the  above  tasks;  (4)  assess  the  applicability  of 
these  methodologies  and  techniques  to  large  scale  screening;  and  (5)  deter- 
mine mean  values  and  ranges  for  mutagenic  potential  of  certain  foods  pre- 
pared in  different  ways  and  for  the  mutagenic  potential  of  the  body  fluids 
and  excretions  of  subjects  consuming  these  foods. 

Major  Findings:  A  computerized  literature  base  (PROPHET)  was  established 
that  separated  pertinent  topics  into  five  major  categories  and  118  sub- 
categories. Cross-referencing  provides  recall  capabilities  by  multiple  sub- 
categories. This  base  is  continuously  updated  by  current  literature. 

Published  methods  for  concentrating  mutagens  in  urine  were  evaluated  and  the 
usual  concentration  factor  was  increased  from  200  to  1,000.  Salmonella  typhi' 
murium  strains  TA98  and  TAIOO  were  chosen  for  routine  tests  of  mutagenesis. 
Cigarette  smokers  were  chosen  as  positive  controls  and  compared  with  non- 
smoking volunteers.  All  urine  concentrations  were  tested  for  mutagenesis 
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with  and  without  added  metabolic  activation  supplements  (S9).  Significant 
findings  were: 

Urine  concentrates  obtained  from  cigarette  smokers  were  routinely  negative 
for  strains  TA98  and  TAIOO  without  S9;  they  were  positive  (31  of  32  obser- 
vations) using  TA98  with  S9;  only  one  of  these  32  samples  was  positive 
using  TAIOO  with  S9. 

Persons  classified  as  non-inhaling  pipe  smokers  and  nonsmoking  omnivores 
or  vegetarians  provided  urine  concentrates  that  were  consistently  negative 
under  any  mutagen  test  conditions. 

Attempts  to  increase  the  sensitivity  for  detection  of  mutagenic  activity 
in  either  positive  or  negative  urine  concentrates  by  pre-incubation  of 
tester  plates  or  addition  of  the  mutagen-enhancer  norharman  failed. 

Nanogram  quantities  of  volatile  nitrosamines  detected  in  urines  did  not 
differentiate  between  cigarette  smokers  and  nonsmokers. 

A  standard  protocol  has  been  established  for  screening  of  urines  for  the  pre- 
sence of  mutagens  or  promutagens. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  Stand- 
ardized, validated  procedures  are  required  for  detecting  mutagenic  activity  in 
human  excreta  to  assess  the  risk  of  populations  to  various  potential  mutagens 
and  carcinogens. 

Proposed  Course:  Continue  the  development  of  procedures  for  detecting  mutagenic 
activity  in  human  excreta.  Pursue  the  identification,  separation,  and  quanti- 
tation of  compounds  responsible  for  the  mutagenic  activity  in  human  excreta. 

Date  Contract  Initiated:  September  30,  1978. 

Current  Annual  Level :  $185,861. 

UNIVERSITY  OF  ILLINOIS  (NOl-CP-75899) 

Title:  Effect  of  Dietary  Protein  Type  and  Level  on  Carcinogenesis 

Contractor's  Project  Director:  Dr.  Willard  J.  Visek 

Project  Officer  (NCI):  Dr.  A.  R.  Patel 

Objectives:  To  evaluate  how  diets  containing  10,  20  and  40%  of  soybean  pro- 
tein or  casein,  affect  induction  and  progression  of  spontaneously  and  chemi- 
cally induced  tumors  in  mice. 

Major  Findings:  Methodology  has  been  developed  for  incorporating  all  four 
carcinogens  into  the  diets  and  to  verify  the  concentration  of  BP,  DNP  and 
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AAF.  Methods  for  extracting  and  quantitating  DMH  are  in  progress.  Although 
feeding  DNP  and  AAF  changed  nitrogen  metabolites  in  urine,  the  changes  were 
related  to  overall  food  intake  and  not  to  the  carcinogen.  Acetylaminofluorene 
increased  blood  ammonia  concentration  and  dinitrosopiperazine  increased  the 
histidine  concentration  by  13%.  Data  on  plasma  amino  acid  concentration  pro- 
vided valuable  baseline  information  for  the  B6C3F1  mouse.  Male  mice  excreted 
less  radioactivity  from  acetylaminofluorene  in  their  urine  than  females.  Since 
females  are  less  susceptible  to  acetylaminofluorene  induced  carcinogenesis  these 
results  suggest  the  females  may  detoxify  AAF  better  than  the  males  and  thereby 
explain  sex  differences  in  susceptibility.  There  were  no  changes  in  the  re- 
tention or  excretion  of  acetylaminofluorene  as  a  function  of  source  or  amount 
of  dietary  protein.  A  six-week  toxicity  study  just  completed  shows  signifi- 
cant effects  of  the  carcinogens  on  feed  intake,  growth  and  toxicity  and  allows 
selection  of  appropriate  dosages  for  longer  term  studies.  A  feeder  tested  for 
these  experiments  confirms  that  mice  can  be  maintained  individually  in  hanging 
wire  cages  without  detrimental  effects  and  with  minimal  feed  wastage. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  Diet 
influences  incidence  of  certain  cancers  in  man  independently  of  geographic 
and  genetic  factors.  It  is  known  that  total  caloric  intake  influences  the 
number  of  spontaneous  cancers  in  rodents.  Colon  cancer  in  man  is  highly  cor- 
related with  the  intake  of  fat  and  analyses  of  food  consumption  data  also  show 
a  high  correlation  with  the  type  and  amount  of  protein  consumed.  Knowledge  of 
the  individual  contribution  of  major  nutrients  to  overall  cancer  incidence  is 
not  known  and  needs  careful  study  because  populations  with  high  protein  intakes 
also  have  high  intakes  of  fat  and  total  calories.  Fat  and  calorie  intake  are 
also  correlated  with  cancer  incidence.  Studies  are  needed  to  determine  if 
plant  proteins  and  animal  proteins  spontaneous  and  chemically  induced  cancers 
when  consumed  in  graded  concentrations  with  all  other  dietary  ingredients  held 
constant.  Since  chemicals  are  a  recognized  cause  of  cancer,  it  is  necessary 
to  know  how  the  level  of  dietary  protein  influences  absorption,  excretion, 
distribution  and  metabolism  of  chemicals  with  established  carcinogenic  poten- 
tial and  how  these  characteristics  correlate  with  cancer  induction. 

Propose  Course:  Studies  to  determine  absorption  of  the  carcinogen  as  a  func- 
tion of  protein  source  will  be  completed  with  BP,  DNP,  DMH.  A  five-month 
toxicity  study  will  be  completed  to  establish  appropriate  close  levels  of 
carcinogen  for  life  time  studies. 

Date  Contract  Initiated:  October  1,  1977. 

Current  Annual  Level :  $482,000. 

WASHINGTON  UNIVERSITY  (NOl-CP-85662) 

Title:  Validation  and  Standardization  of  In  Vitro  Techniques  to  Assess  the 
Effect  of  Diet/Nutrition  on  the  Mutagenic/Carcinogenic  Potential  of 
Human  Secretions  and  Excretions. 
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Contractor's  Project  Director:  Dr.  Barry  Commoner 

Project  Officer  (NCI):  Dr.  A.  R.  Pate! 

Objectives:  The  objectives  in  the  second  year  of  this  project  have  been  to 
(a)  identify  foods  which  are  mutagenically  active  in  the  Ames  Salmonella 
mutagenesis  assay,  (b)  develop  methods  for  detecting  mutagens  in  foods,  and 
(c)  improve  and  test  methods  for  detecting  mutagens  in  urine. 

Major  Findings:  Flavonol-containing  foods  like  onion  (especially  onion  skin), 
garlic  and  lemon  are  mutagenically  active  in  the  Ames  Salmonella  assay.  How- 
ever, whole  extracts  of  these  foods  are  often  so  toxic  to  the  tester  organisms 
that  a  mutagenic  effect  is  not  observed.  It  is  necessary  to  fractionate  the 
sample,  separating  toxic  from  mutagenic  constituents,  prior  to  assaying  for 
mutagenic  activity.  Methanol  extraction  followed  by  fractionation  on  an  LH- 
20  Sephadex  column  was  found  to  be  a  fairly  simple,  rapid  method  for  separating 
mutagenic  fractions. 

The  outer,  pigmented  layers  of  onion  and  garlic  are  more  mutagenic  than  the 
inner  flesh,  and  red  onion  skins  are  more  active  than  yellow  or  white  onion 
skins. 

The  mutagenic  activity  of  coffee  was  studied.  We  found  only  a  low  level  of 
activity  towards  strain  TAIOO  in  two  of  the  three  different  coffee  samples 
tested.  In  contrast,  Nagao  et  al .  (Mutation  Research,  68:  101-106,  1979) 
found  activity  approximately  six  times  higher  in  their  studies  of  coffee. 
We  replicated  their  methods,  and  compared  them  to  the  protocol  we  used  on 
flavonol-containing  foods. 

An  improved  protocol  was  developed  for  detecting  mutagens  in  urine,  which  en- 
ables an  investigator  to  measure  mutagenic  activity  in  extracts  of  urine 
equivalent  to  100  ml  or  original  urine.  By  putting  the  equivalent  of  such 
large  volumes  of  urine  on  the  test  plates,  low  levels  of  mutagenic  activity, 
like  those  expected  from  dietary  mutagens,  may  be  detected.  The  protocol 
uses  a  two-stage  elution  of  XAD-2  nonpolar  resin  columns:  first  with  methy- 
lene chloride,  and  then  with  acetone. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  Diet 
has  been  recognized  as  a  major  factor  in  carcinogenesis.  This  work  will  en- 
able rapid  testing  of  a  large  number  of  food  products  to  identify  those  that 
may  represent  a  carcinogenic  risk  to  the  human  population. 

Propose  Course:  Future  efforts  will  focus  on  detecting  low  level  mutagenic 
activity  in  human  urine,  and  developing  good  baseline  data  on  mutagenic  acti- 
vity levels  in  nonsmoking,  non-industrially  exposed  populations.  The  latter 
is  necessary  as  a  comparison  group,  when  studies  on  experimental  populations 
(e.g.  those  on  test  diets)  are  performed. 

Date  Contract  Initiated:  September  30,  1978. 

Current  Annual  Level :  $131,191. 
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EPIDEMIOLOGY  SUMMARY 


Description 

The  need  for  epidemiologic  research  in  cancer  rests  on  the  fact  that  cancer 
cases  are  not  distributed  by  chance  in  either  man  or  animals.  Possible 
reasons  for  this  non-random  distribution  are  initially  sought  by  determining 
how  the  incidence,  prevalence  and  mortality  are  distributed  in  various  seg- 
ments of  the  population.  Such  information  provides  clues  on  interactions 
among  suspected  agents,  environmental  factors  and  the  host.  These  interactions 
form  the  basis  for  hypotheses  regarding  the  natural  history  of  the  disease, 
and  may  also  identify  factors  that  contribute  to  the  etiologic  process  or 
may  put  an  individual  at  high  risk.  Although  longitudinal  cohort  studies  may 
provide  more  significant  findings  in  terms  of  relative  risk,  they  are  costly 
and  must  be  conducted  over  long  periods  of  time.  For  this  reason,  most  epi- 
demiologic studies  are  based  on  the  more  economical  retrospective  collection 
of  data.  The  findings  of  retrospective  studies  are  available  after  a  rela- 
tively short  period  of  time.  Biostatistical  methodologies  have  contributed 
significantly  to  the  planning  and  conducting  of  epidemiologic  studies  and 
have  provided  more  definitive  analysis  of  the  collected  data. 

The  extramural  Epidemiology  Program  encompasses  a  wide  variety  of  epidemio- 
logic research  projects.  The  methods  and  techniques  of  epidemiologic  investi- 
gations include  basic  descriptive  and  analytic  studies;  retrospective  case- 
control  and  prospective  cohort  studies.  Possible  risk  factors  examined  for 
association  with  cancer  include  occupational,  environmental  and  infectious 
disease  exposures  and  personal  life-style  factors  including  diet,  smoking  and 
the  influence  of  genetics.  The  majority  of  the  studies  are  concerned  with 
one  or  two  specific  organ  sites  or  types  of  neoplasia,  while  others,  especially 
the  prospective  cohort  studies,  are  not  site  specific. 

During  FY' 80,  nearly  90  percent  of  grants  involving  population  studies  supported 
by  the  Epidemiology  Program  were  traditional  investigator-initiated  grants. 
In  addition,  there  were  three  multifaceted  program  project  grants;  two  con- 
ference grants  and  a  new  investigator  grant.  Approximately  one- third  of  the 
grants  are  classified  as  retrospective  case-control  studies  in  which  patient 
characteristics  or  exposure  to  specific  contaminants,  drugs  or  foods  are 
evaluated  in  patients  already  diagnosed  with  cancer  of  a  specific  site. 
Cancer  of  the  lung,  breast,  ovary,  skin  (malignant  melanoma),  brain  (glioma), 
colon-rectum,  lymphoma  and  leukemia  cases  were  compared  with  the  characteristics 
or  exposures  of  matched  controls  (Nasca,  1980).  Another  one-fifth  of  the 
grants  were  cohort  studies,  which  included  follow-up  of  women  receiving  one 
or  more  mammographic  examinations  as  part  of  a  screening  program  for  breast 
cancer;  parents  of  children  with  genetic  aberrations;  families  of  asbestos 
workers;  residents  of  an  area  contaminated  with  low  level  ionizing  radiation; 
patients  previously  treated  for  tuberculosis,  and  mothers  of  dizygotic 
twins.  The  role  of  viruses  in  relation  to  specific  cancers  was  the  theme  of 
15  percent  of  the  projects. 
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These  studies  included  the  association  between  hepatitis  B  virus  (HBV)  and 
primary  hepatocellular  carcinoma  (PHC);  herpesvirus  and  cancer  of  the  cervix- 
uteri;  and  the  Epstein-Barr  virus  (EBV)  and  Hodgkins'  disease,  particularly 
in  children.  Genetic  studies,  concerned  with  inherited  characteristics,  were 
investigated  by  follow-up  of  families  identified  at  risk  for  specific  cancers, 
and  following  individuals  with  specific  genetic  markers  to  determine  their 
cancer  risk. 

The  increase  in  survival  of  persons  with  childhood  cancers  treated  by  chemo- 
therapy or  radiation  provides  the  basis  for  two  studies.  Possible  iatrogenic 
effects  are  being  investigated  on  previously  treated  populations  in  terms 
of  the  risk  of  second  primary  cancers  with  reference  to  type  and  extent  of 
the  initial  therapy.  In  two  other  studies,  investigators  are  analyzing  the 
trends  in  morbidity  and  mortality  of  endometrial  cancer  and  acute  myeloid 
leukemia  for  clues  as  to  the  natural  history  of  those  malignancies. 

Of  the  remaining  grants,  one  was  a  new  investigator  grant  which  supports 
activities  of  a  new  researcher  in  a  specific  project,  in  this  instance,  environ- 
mental exposures  and  childhood  leukemia.  Two  were  grants  to  conduct  conferences, 
and  three  were  program  project  grants.  The  program  projects  are  large,  multi- 
faceted  programs  focused  on  the  relationship  of  social  factors  and  cancer 
etiology;  use  of  a  population-based  cancer  registry  as  a  data-based  resource 
for  epidemiological  studies;  and  the  ongoing  research  on  hepatitis  B  virus 
(in  year  18)  for  which  the  investigator  received  a  Nobel  prize  in  1977. 

Research  Accomplishments 

The  most  common  cancer  in  males  in  the  most  populous  regions  of  the  world 
(Africa,  South  and  Southeast  Asia)  is  primary  hepatocellular  carcinoma  (PHC). 
There  is  ever  increasing  data  to  support  the  hypothesis  that  persistent 
infection  with  hepatitis  B  virus  (HBV)  is  necessary  for  development  of  PHC. 
This  is  true  both  in  areas  where  HBV  and  PHC  are  common  (e.g.,  Senegal  and 
Korea)  and  in  areas  where  HBV  and  PHC  are  much  less  common  (Hann,  1979). 
Understanding  the  modes  of  transmission,  which  differ  for  the  several  types 
of  viral  hepatitis  [A,  B,  non  A/non  B),  has  provided  the  basis  for  current 
environmental  control  procedures.  Prevention  research  strategies  are  being 
studied  and  developed.  These  studies  are  providing  additional  support  for 
the  HBV  and  PHC  hypotheses  CBlumberg,  1978).  Additional  evidence  for  a 
virus-cancer  association  relates  to  the  finding  that  woodchuck  hepatitis 
virus  (WHV),  similar  in  many  respects  to  HBV,  is  necessary  for  the  development 
of  PHC  in  the  Pennsylvania  woodchuck.  This  provides  an  important  animal 
model  which  may  be  of  value  in  the  search  for  viral  relationships  to  the 
development  of  human  cancers  (Weiner,  1979). 

The  relationship  between  vitamin  A  and  cancer  has  been  an  increasing  focus 
of  nutrition/cancer  research.  Preliminary  analysis  of  available  data  from  a 
study  carried  on  in  Louisiana,  a  state  known  to  have  a  high  incidence  of  lung 
cancer,  indicates  a  correlation  between  low  levels  of  B  carotene  (precursor 
of  vitamin  A)  and  mortality  rates  due  to  respiratory  system  cancers.  This 
relationship  held  with  mortality  from  all  neoplasms,  but  not  with  total  deaths. 
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Case-control  studies  which  examine  both  serum  level  concentrations  as  well 
as  dietary  intake  should  provide  further  evidence  for  the  suggested  relation- 
ship between  vitamin  A  (and/or  other  nutritional  factors)  and  lung  cancer. 
The  high  incidence  of  lung  cancer  in  New  Orleans,  which  has  been  examined  with 
regard  to  characteristic  racial  differences,  also  suggests  that  environ- 
mental influences  may  play  an  important  role  in  the  epidemiology  of  the 
disease  (Lopez -S,  1980). 

Another  approach  to  investigating  the  association  between  dietary  vitamin  A 
intake  and  lung  cancer,  utilizes  retrospective  dietary  and  smoking  history 
and  basic  demographic  data  gathered  by  interviews  from  292  males  with  lung 
cancer  and  801  white  male  patients  with  non-respiratory,  non-neoplastic 
diseases.  Lung  cancer  cases  were  found  to  have  a  lower  vitamin  A  intake  than 
controls.  Of  interest  was  the  reduced  risk  associated  with  vitamin  A  most 
evident  among  heavily  smoking  men.  A  dose-response  relationship  increasing  to 
a  relative  risk  of  2.4  for  low  values  of  the  vitamin  A  index  was  observed. 
Lower  relative  risk  was  found  among  men  who  smoked  heavily,  but  frequently 
consumed  carrots  and  drank  milk  CMettlin,  1980).  These  findings  are  consistent 
with  evidence  from  animal  studies  on  inhibition  of  neoplastic  growth  by 
retinoids  and  with  previous  findings  from  retrospective  and  prospective 
epidemiological  studies  (Graham,  1979). 

Breast  cancer  incidence  has  been  the  subject  of  ongoing  epidemiologic  research 
in  several  areas.  No  evidence  was  found  that  antitumor  therapeutic  agents, 
L-Pam  and  5FU  used  in  breast  cancer  adjuvant  chemotherapy,  resulted  in  major 
disruption  of  ovarian  function,  i.e.,  follicular  maturation  and  hormone 
secretion  in  women  who  continue  to  menstruate  while  on  treatment  (Sherman, 
1979).  Manipulation  of  the  female  hormonal  milieu  may  relate  to  estrogen 
receptor  (ER)  status  and  subsequent  incidence  of  breast  cancer.  Data  from 
a  breast  cancer  case-control  study  demonstrated  that  both  prior  menopausal 
estrogen  use  and  oophorectomy  before  menopause  were  associated  with  estrogen 
receptor  (ER)  negativity.  Patients  with  ER  protein  in  breast  cancer  tissue 
have  an  approximately  60  percent  chance  of  responding  to  endocrine  therapy. 
Conversely,  a  response  to  endocrine  therapy  in  the  absence  of  ER's  occurred 
in  fewer  than  10  percent  of  breast  cancer  patients,  while  a  better  response 
to  cytotoxic  chemotherapy  was  found  in  these  patients  with  low  or  absent 
levels  of  ER.  Thus  ER  determination  may  have  pragmatic  value  in  determining 
the  therapy  of  choice  in  metastatic  breast  disease  (Wallace,  1980). 

The  association  between  estrogen  replacement  therapy  and  female  breast  cancer 
was  studied  in  138  women  with  breast  cancer  occurring  in  residents  50  to  75 
years  of  age,  compared  with  community  controls.  The  study  population  con- 
sisted of  two  retirement  communities  with  a  combined  population  of  30,000. 
The  risk  ratio  for  a  total  cumulative  estrogen  dose  of  1,500  mgs.  was  estimated 
to  be  2.5  in  women  with  intact  ovaries.  For  women  with  a  history  of  prior 
bilateral  oophorectomy,  there  was,  if  anything,  a  decrease  in  risk. 

The  study  was  not  able  to  distinguish  between  the  effects  of  lower  dosage  for 
long  periods  and  that  of  high  dosage  for  short  periods.  No  important  sources 
of  confounding  could  be  identified  and  no  risk  modifiers  could  be  identified, 
except  for  a  history  of  surgically  confirmed  benign  breast  disease.  In  such 
women  with  intact  ovaries,  the  effects  of  benign  breast  disease  and  menopausal 
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estrogen  use  on  breast  cancer  were  synergistic,  i.e.,  the  risk  with  both  was 
greater  than  risk  of  either  alone,  relative  to  non  users  with  normal  breasts 
(Ross,  et.  a1.,  1980). 

The  value  in  analysis  of  cancer  incidence  by  age-specific  stratification  was 
rather  clearly  demonstrated  utilizing  data  from  a  Cancer  Surveillance  Program 
(CSP).  The  CSP  provides  demographic  data  on  virtually  all  new  cancer  cases 
diagnosed  in  the  entire  population  of  seven  million  residents  of  Los  Angeles 
county.  It  has  been  widely  recognized  that  age-standardized  breast  cancer 
incidence  and  mortality  rates  are  higher  (30  percent)  for  white  women  than 
for  black  women  in  the  United  States.  Using  cancer  incidence  rates  for  1969- 
71  from  the  Third  National  Cancer  Survey,  and  for  1972-76  from  the  CSP,  and 
mortality  for  non-whites  and  whites  for  1972-73  from  the  National  Center  for 
Health  Statistics  (NCHS),  analysis  revealed  a  marked  difference  in  rates 
between  black  and  white  women  at  early  ages.  Age-specific  rates  for  young 
black  women  under  40  years  of  age  are  higher  than  those  for  white  women  of 
similar  ages.  On  the  other  hand,  incidence  rates  for  white  women  over  40 
years  were  higher  than  black  women.  Analysis  of  data  suggested  that  effect 
of  age  at  menarche  on  the  risk  may  be  most  evident  in  young  women  (Gray,  et. 
al.,  1980). 

The  later  effects  of  in  utero  exposure  to  exogenous  hormones,  in  particular, 
diethylstilbesterol  (DES)  has  been  documented  in  young  women  with  clear  cell 
carcinoma  of  the  genital  tract  (Herbst,  1980).  It  seemed  reasonable  to 
predict  that  DES-exposed  males  might  also  be  at  high  risk  of  genitourinary 
problems. 

Three  hundred  and  eighty  four  cases  of  clear  cell  carcinoma  accessed  into  a 
tumor  registry  for  human  genital  tract  cancers  which  develop  after  prenatal 
exposure  were  analyzed  to  explore  epidemiologic,  pathogenetic,  and  histologic 
characteristics  as  well  as  management  and  prognosis  of  these  cancers.  The 
annual  incidence  rates  of  these  tumors  were  found  to  closely  correspond  to 
the  estimated  usage  of  DES  for  pregnancy  support  in  the  United  States. 
Patients  15  years  of  age  and  younger  appear  to  have  more  aggressive  carcinomas 
than  those  19  years  and  older  (Herbst,  1980).  Analysis  of  maternal  DES 
therapy  for  213  positive  history  cases  revealed  a  strong  inverse  association 
between  the  relative  risk  of  developing  cancer  and  the  time  of  first  exposure, 
i.e.,  the  greatest  risk  occurred  among  females  whose  mothers  had  taken  DES 
early  in  pregnancy. 

Although  no  cases  of  cancer  have  been  found,  preliminary  examination  of  a 
cohort  study  of  DES  prenatally-exposed  males  and  non-exposed  males  followed 
over  an  initial  two  year  period  suggests  increased  risk  of  obvious  malfor- 
mations, such  as  cryptorchidism,  hydrocele,  inordinately  small  penis,  low 
sperm  count  and  motility.  Long-term  surveillance  of  males,  as  well  as 
females,  will  be  essential  to  determine  outcome  in  terms  of  increased  risk 
of  cancer  (Kurland,  1980). 

Widely  differing  approaches  to  the  study  of  cancer  have  ranged  from  laboratory 
use  of  genetic  markers,  such  as  enzymes,  in  the  investigation  of  the  etiology 
and  pathology  of  human  tumors,  to  the  statistical  analysis  of  genealogies 
to  determine  where  and  to  what  extent  there  is  familial  clustering  of  deaths 
due  to  cancer  in  general  or  cancer  by  various  organ  sites. 
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Glucose-6-phosphate  dehydrogenase  (G-6-PD)  in  the  tissues  of  black  female 
patients  who  were  heterozygous  for  G-6-PD  has  been  used  as  a  marker  to  determine 
the  number  of  cells  in  which  tumors  arise,  thereby  providing  important  clues 
to  their  origin.  The  use  of  the  marker  has  provided  the  necessary  procedure 
for  determining  whether  a  tumor  results  from  a  rare  event,  like  a  "spontaneous" 
somatic  mutation  which  would  develop  from  the  cloning  of  a  single  cell,  or 
whether  a  multicellular  origin  might  be  expected  in  a  tumor  caused  by  cell- 
to-cell  spread  of  a  virus  with  transformation  of  infected  cells.  The  X- 
1  inked  enzyme,  G-6-PD  has  been  used  as  a  marker  dependent  on  X-chromosome 
inactivation.  It  can  be  used  for  all  tumors  that  arise  in  females  heterozygous 
for  a  gene  on  the  X  chromosome.  In  accordance  with  X  inactivation,  only  one 
of  the  two  X's  remain  active  in  a  given  somatic  cell.  Therefore,  females 
with  the  usual  G-6-PD  gene  (Gd  )  on  one  X  and  the  common  variant  Gd  on 
the  other,  have  two  cell  populations,  one  producing  G-6-PD-A  and  the  other 
G-6-PD-B.  These  enzymes  are  easily  distinguishable  by  their  different 
elgctrophgretic  mobilities.  Tumor  cells  with  a  clonal  origin  have  either 
Gd  or  Gd  ,  whereas  neoplasms  with  a  multicellular  origin  may  have  both 
enzyme  types.  The  electrophoretic  G-6-PD  heterozygotes  with  neoplams  were 
evaluated.  In  contrast  with  previous  studies  [Singer,  1979),  it  was  demon- 
strated in  a  patient  in  remission  who  had  been  treated  with  intensive  com- 
bination chemotherapy,  that  the  PD  negative  cells  which  appeared  arose  from 
non-clonal,  presumably  normal  stem  cells  (Fialkow,  1979,  Singer,  1979). 
Thus  it  may  be  concluded  that  at  least  some  patients  with  chronic  myeloblastic 
leukemia  (CML)  have  residual  normal  stem  cells.  In  two  children  with  acute 
myeloblastic  leukemia  (AML)  and  heterozygous  for  G-6-PD,  only  a  single  enzyme 
type  was  found  in  leukemia  blast  cells,  indicating  that  at  the  time  of  study 
the  disease  was  clonal.  However,  erythrocytes  and  erythroid  colonies  grown 
in  vitro  displayed  both  enzyme  types.  This  finding  is  in  contrast  with  an 
elderly  woman  with  both,  heterozygous  for  G-6-PD,  who  had  exhibited  a  single 
enzyme  type  in  granulocytes,  erythrocytes  and  platelets,  indicating  that 
the  disorder  arose  in  a  multipotent  cell.  This  demonstrates  that  with  chemo- 
therapy, residual  normal  stem  cells  can  repopulate  the  marrow,  at  least 
transiently  in  CML.  Evidence  that  CML  is  heterogeneous  with  respect  to  the 
cells  involved  may  reflect  differences  in  causation  of  the  leukemia  which 
could  have  therapeutic  and  prognostic  importance. 

Cancer  genetic  analysis  requires  assembling  of  the  population  through  birth, 
marriage  and  death  certificates.  Laredo,  Texas  on  the  U.S. --Mexico  border 
is  isolated  from  other  populations  and  is  largely  of  Mexican  ancestry. 
This  group  provides  an  excellent  basts  for  a  detailed  study  of  Mexican- 
American  health  patterns  and  relationship  to  cancer  CK.  Weiss,  In  Press).  The 
necessity  to  be  able  to  follow  families  and  migration  is  obvious.  It  was 
demonstrated  that  changes  in  frequency  of  common  names  could  be  related 
statistically  to  family  size  and  used  as  an  estimate  of  migration.  Age  of 
onset  is  also  an  important  epidemiological  facet  of  cancer  which  relates  to 
theories  of  biological  aging,  exposure  time  and  to  elements  of  risk  hetero- 
geneity, including  genetic  ones.  It  is  well  documented  that  there  is  risk 
variation,  and  that  this  is  expressed,  partially  at  least,  as  a  different 
onset  age.  In  order  to  analyze  a  data  base  of  genealogies  for  the  Mexican- 
American  city  of  Laredo,  Texas,  for  familial  aggregation  of  cancer,  a  risk 
model  was  developed  to  accurately  express  risk  with  age,  in  a  manner  per- 
mitting interpretation  and  statistical  testing.  This  model  allows  analysis 
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of  differential  risk  in  Laredo  pedigrees  by  a  parametric  expression  for  the 
age  of  onset  of  risk  to  each  individual,  including  his/her  probability  of  being 
disease-free  at  the  ascertained  age  (Ward,  1980).  This  type  of  genealogical 
study  can  examine  the  fine  details  of  incidence,  and  possibly  of  prevalence 
in  the  population.  In  particular,  it  can  find  genetic  or  family  environmental 
genetic  elements  in  disease  etiology. 

Although  malignant  melanoma  is  a  disease  which  is  rising  in  incidence,  few 
epidemiological  studies  exist.  Three  case-control  studies  are  currently 
examining  the  risk  factor  associated  with  malignant  melanoma.  One  study  which 
has  explored  the  genetic  risk-factors  has  found  that  the  risk  of  melanoma  in 
first  degree  relatives  of  cases  was  approximately  eight  times  that  in  relatives 
of  controls,  with  a  12-fold  increase  in  parents  or  offspring  of  cases. 
Analysis  of  relatives  of  cases  thus  suggests  polygenic  inheritance  (Graham, 
1980). 

Using  a  different  focus,  225  males  aged  25-64  years  of  age  diagnosed  with 
malignant  melanoma  and  age-race  sex-matched  controls,  will  be  studied  in  the 
Northeast  for  possible  associations  among  chemical  substances,  occupational 
exposure  and  their  interaction  with  exposure  to  sunlight  and  the  occurrence  of 
melanoma.  Family  history  of  cancer  will  be  included  (Bahn,  1980).  A  similar 
approach,  but  one  examining  additional  risk  factors,  life-style,  diet,  skin 
color,  hormonal  factors,  and  drug  exposure  is  being  carried  out  on  the  Pacific 
Coast  in  a  Southern  latitude  which  generally  yields  five  percent  of  the 
melanoma  cases  in  the  country.  Neighborhood  residents  matched  for  age-sex- 
race  will  also  be  used  as  controls  in  this  study.  This  multi-pronged  approach 
to  the  investigation  of  malignant  melanoma  may  provide  needed  epidemiological 
information  regarding  geographic  distribution  as  well  as  demographic,  genetic, 
and  environmental  risk  factors  (Mack,  1980). 

Projections 

With  ever  increasing  interest  in  environmental  epidemiology,  it  is  anticipated 
that  future  program  emphasis  will  continue  to  include  the  identification  of 
environmental  exposures  and/or  contaminants  that  are  associated  with  an 
increased  risk  of  cancer.  A  major  problem  that  needs  to  be  addressed  is  the 
methodology  for  assessing  the  effects  of  low  dose  exposure  to  these  contaminants, 

As  noted  in  prior  studies,  relatively  intact  cultural  groups  offer  excellent 
opportunities  for  epidemiologic  studies.  Marked  differences  in  lung  cancer 
incidence  and  mortality  exist  among  New  Mexico's  multi-cultural  population, 
with  an  especially  striking  three-fold  deficit  in  lung  cancer  incidence 
occurring  among  Hispanic  males.  Cigarette  smoking  does  not  appear  to  explain 
their  low-risk  status.  Lung  cancer  rates  for  Hispanic  and  Anglo  women  are 
similar  and  closely  approximate  the  national  rates.  These  findings  have 
been  corroborated  by  studies  of  Hispanic  populations  in  Texas,  California  and 
Puerto  Rico.  A  case-control  study  of  lung  cancer  patients  in  an  area  covered 
by  a  population-based  tumor  registry,  is  seeking  to  assess  the  role  of  smoking, 
occupation,  urban  residence  and  family  history  of  respiratory  tract  diseases. 
It  is  hoped  that  this  study  will  help  elucidate  the  factors  contributing  to 
this  low  incidence  in  Hispanic  males  as  compared  with  Anglo  males. 
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Geographic,  cultural,  religious,  health  and  socioeconomic  patterns  have  helped 
to  maintain  the  uniqueness  of  Hispanics  in  Mew  Mexico  as  an  identifiable 
minority.  Information  about  interaction  of  known  risk  factors  has  been  the 
general  approach  to  cancer  research.  Studies  examining  possible  protective 
factors  are  equally  important  and  will  be  encouraged  in  the  preventive  public 
health  models. 

The  role  of  genetics  in  the  etiology  of  cancer  will  also  receive  greater 
attention.  With  the  expanding  resources  of  large  genealogies,  the  identifi- 
cation of  cancer-prone  and  cancer- free  families  and  the  development  of  genetic 
markers,  the  tools  for  high-quality  research  efforts  are  available  and  should 
be  exploited. 

The  effect  of  diet  on  the  risk  of  cancer  is  receiving  publicity.  Preliminary 
findings  in  animal  studies  as  well  as  in  human  populations  have  identified 
certain  components  of  the  diet  as  being  associated  with  an  increase  in 
risk.  Other  components  have  been  identified  as  potential  inhibitors  of  the 
neoplastic  process.  Studies  are  needed  to  verify  that  what  has  occurred 
in  the  animal  model  is  also  true  in  the  human  model. 

It  is  important  to  pursue  studies  on  the  role  of  certain  viruses  in  relation 
to  carcinogenesis.  There  is  a  need  to  identify  large  human  populations 
infected  with  specific  viruses,  at  varying  stages  in  life  to  determine  the 
possible  subsequent  effects  of  these  infections. 

Improving  research  methodologies  and  exploiting  large  population-based  cancer 
registries  such  as  SEER  for  epidemiologic  studies  remains  important  for  the 
public  health  goals  of  prevention  and  early  intervention. 
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SMOKING  AND  HEALTH  SUMMARY 

Description 

Since  1968,  the  National  Cancer  Institute's  Smoking  and  Health  Program  (SHP) 
has  been  involved  in  efforts  to  understand  and  mitigate  the  deleterious 
effects  of  smoking  on  health.  Close  collaboration  with  the  National  Heart, 
Lung  and  Blood  Institute  and  the  U.S.  Department  of  Agriculture  has  broadened 
the  scope  of  research  and  contributed  substantially  to  progress. 

Significant  SHP  contracts  have  included  the  development  and  implementation 
of  methods  to  identify  individuals  at  high  risk  to  smoking  related  diseases, 
research  on  behavioral  and  pharmacologic  approaches  to  smoking  cessation, 
and  the  development  of  practical  techniques  for  manufacturing  less  hazardous 
cigarettes.  Progress  has  been  made  to  varying  extents  in  each  of  these 
activities,  offering  a  significant  opportunity  in  preventive  medicine  to 
affect  public  health. 

Research  Accomplishments 

The  Smoking  and  Health  Program  has  supported  a  broad  range  of  research 
activities  of  potential  importance  in  a  number  of  smoking-related  diseases. 
For  example,  a  causal  relationship  between  cigarette  smoking  and  neoplasia 
of  the  pancreas  has  been  suggested  in  baboons.  In  addition,  evidence  of  a 
protease-antiprotease  imbalance  has  been  found  in  pancreatic  carcinogenesis 
studies  (Goeringer,  1980).  Similarly,  in  experiments  involving  dogs  exposed 
to  high-nicotine  cigarettes  or  nicotine-free  cigarettes  there  is  evidence 
that  nicotine  may  cause  premature  activation  of  elastase.  Negative  elastase 
findings  were  observed  in  ductal  fluids  collected  during  exposure  to  nicotine- 
free  cigarettes  (Morosco,  1980).  This  suggests  the  possibility  that  tests  for 
risk  of  pancreatic  cancer  may  be  possible. 

Additional  tobacco-related  carcinogens  have  been  chemically  identified. 
Two  tobacco-related  nitrosamines,  N-nitrosonornicotine  (NNN)  and  4-N- 
methyl-N-nitrosamino-l-C3-pyridyl)-l-butanone  (NNK)  have  been  assayed  for 
carcinogenicity  by  subcutaneous  administration  to  rats  and  hamsters.  NNN- 
treated  animals  developed  nasal  cavity  tumors  primarily  whereas  NNK,  a  more 
powerful  carcinogen,  induced  tumors  at  multiple  sites,  including  liver,  nasal 
cavity,  and,  most  significantly,  adenocarcinoma  of  the  lung.  Bronchogenic 
carcinomas,  resembling  the  type  seen  in  man,  developed  in  hamsters  treated 
with  NNK.  NNN,  NNK  and  a  third,  yet  untested  tobacco-related  nitrosamine, 
nitrosoanatabine,  form  in  the  oral  cavity  of  men  during  tobacco  chewing. 
Concentrations  of  the  tobacco-specific  nitrosamines  can  be  reduced  in  smoke 
with  the  use  of  modified  cellulose  acetate  filters  [Hoffmann,  In  Press).  New 
studies  are  in  progress  to  determine  the  pathways  of  metabolic  activation  and 
detoxification  of  NNN  and  to  assess  the  effects  of  environmental  modifiers  on 
the  induction  of  enzymes  which  mediate  these  transformations. 

Fractionation  of  tobacco  and  tobacco  smoke  has  resulted  in  the  identification 
of  cocarcinogens  and  tumor  promoters  in  the  neutral  and  weakly  acidic  fractions 
of  cigarette  smoke  condensate.  Of  these,  cyanophenols,  catechol  and,  3-,  and 
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4-riethyl catechol  have  proved  to  be  carcinogens.  A  semivolatile  basic  sub- 
fraction  extracted  from  cigarette  tobacco  has  been  shown  to  be  mutagenic. 
This  subfraction  may  contribute  significantly  to  the  flavor  of  tobacco  smoke. 

In  the  area  of  tobacco  carcinogenesis,  homogenized  leaf  curing  coupled  with 
a  crystallization  procedure  has  enabled  the  extraction  of  Fraction  I  and 
Fraction  II  proteins  from  tobacco.  These  extraction  procedures  have  been 
shown  to  remove  precursors  of  tumori genie  smoke  products  resulting  from 
pyrolytic  reactions.  Sebaceous  gland  suppression  tests  on  mouse  skin  have 
confirmed  the  lower  tumori geni city  of  condensate  generated  from  the  extracted 
tobaccos  (Tso,  In  Press). 

The  disappearance  of  circulating  levels  of  nicotine,  cotinine  and  carboxy- 
hemoglobin  were  determined  in  beagle  dogs  exposed  to  cigarette  smoke.  Rates 
of  appearance  and  washout  for  each  substance  were  determined  to  establish 
dose-time  relationships  in  this  animal  model  and  to  suggest  methods  of 
quantifying  smoke-related  components  in  other  model  systems.  These  trials 
provide  the  basis  for  better  definition  of  dose  levels,  and  should  prove 
useful  in  future  inhalation  work  in  both  humans  and  animals  (Nightingale, 
1980). 

The  effect  of  nicotine  aerosol  formulation  on  nicotine  uptake  has  been  studied 
in  the  beagle  dog  model.  Analysis  of  pulmonary  uptake  of  nicotine  in  acidic, 
neutral  or  basic  media  has  shown  that  the  rate  of  uptake  is  independent  of 
acidity/basicity  in  the  range  tested  (pH  5-9).  This  is  the  first  study  to 
examine  the  effect  of  pH  on  pulmonary  uptake  of  nicotine  (Nightingale,  1980). 

Short  term  bioassays  for  carcinogens  are  desirable  adjuncts  to  lengthy  mouse 
skin  painting  procedures.  The  sebaceous  gland  suppression  test  was  found  to 
be  valuable  as  a  screening  technique.  Recently,  the  development  of  an  inbred 
Syrian  golden  hamster  model  promises  a  new  skin  bioassay  which  is  sensitive 
and  reproducible.  These  animals  have  already  shown  a  sensitivity  to  laryngeal 
cancer  through  exposure  to  inhaled  tobacco  smoke  (Bernfeld,  1974).  It 
offers  the  possibility  of  a  sensitive,  rapid  and  reproducible  skin  bioassay 
system  that  may  be  applicable  to  other  suspected  carcinogens  as  well 
as  tobacco  smoke  condensate. 

Relative  to  the  epidemiology  studies,  preliminary  analyses  of  the  European 
data  show  similarities  to  the  U.S.  data  for  most  smoking  practices  and  related 
factors.  However,  some  differences  were  observed  among  the  European  centers 
themselves  and  between  the  European  centers  and  the  U.S.  For  example,  mono- 
tonically  increasing  risks  as  a  function  of  daily  cigarette  consumption  were 
observed  for  France,  Germany,  and  Italy,  and  the  U.S.,  but  not  for  other 
centers.  Also,  U.S.  respondents  smoked  significantly  more  cigarettes  per  day 
than  did  the  European  respondents,  but  the  latter  smoked  cigarettes  to  a 
shorter  butt  length  and  inhaled  more  frequently  than  did  U.S.  respondents. 
Analysis  of  these  data  are  expected  in  12-18  months. 

Projections 

The  Smoking  and  Health  Program  is  progressing  toward  its  stated  goals. 
Although  many  specific  projects  have  been  completed,  there  are  still  some 
areas  in  which  work  needs  to  be  performed. 
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In  the  inhalation  biosassay  category,  studies  on  the  effects  of  high  tar/high 
nicotine  vs.  low  tar/low  nicotine  on  the  respiratory  and  cardiovascular  systems 
in  the  beagle  animal  model. and  inhalation  of  smoke  and  nicotine  aerosol  in 
non-human  primates  (baboon)  will  be  completed.  These  studies  will  end  a 
series  of  inhalation  bioassays  originally  designed  to  determine  the  relation- 
ship of  whole  cigarette  smoke  and  nicotine  relative  to  smoking-related  diseases 
in  general  and  lung  cancer  in  particular.  Pathological  examination  and 
analysis  will  be  completed  in  1981. 

Epidemiological  studies,  covering  selected  cities  in  the  United  States,  six 
cities  in  five  European  countries,  Cuba,  and  a  related  Cuban  study  in  Miami, 
Florida  will  be  completed  and  evaluated.  The  vast  amount  of  data  relative  to 
smoking  habits,  type  of  cigarette  smoked  plus  a  broad  medical  data  base  is 
expected  to  yield  sufficient  data  to  relate  tobacco/cigarette  characteristics 
to  smoking  habits  and  to  disease  incidence. 

Identification  of  individuals  at  risk  of  developing  tobacco-related  disease 
continues  to  receive  support.  Commitment  to  a  recently  initiated  prospective 
epidemiologic  study  will  provide  a  valuable  mechanism  for  profiling  character- 
istics which  may  contribute  to  susceptibility  (or  resistance)  to  smoking- 
related  illness.  Animal  studies  investigating  alterations  in  body  fluids 
associated  with  disease  and  tobacco  use  may  assist  in  identifying  smokers  at 
unusually  high  risk  of  tobacco-related  diseases. 
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LIST  OF  CONTRACTS  -  SMOKING  AND  HEALTH 


Contract 


Title 


Page  No. 


U.S.  Department  of  Agriculture 
(YOl-CP-60209) 


Oak  Ridge  National  Laboratory 
(Y01-CP-60206) 


Veterans  Administration  Hospital 
(YOl-CP-80201) 

Enviro  Control ,  Inc. 
(NOl-CP-55666) 

Enviro  Control,  Inc.  Subcontracts: 

Borriston  Laboratories 
(N01-CP-55666-SA12) 
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Produce,  Process  and 
Evaluate  Experimental 
Tobaccos 

Collection,  Separation,  Eluci- 
dation of  the  Components  of 
Cigarette  Smoke  and  Smoke 
Condensate 

Inhalation  Bioassay  of  Cigarette 
Smoking  in  Male  Beagle  Dogs 

Smoking  and  Health  Prime  Contract  1691 


1689 


1690 


Inhalation  Bioassay  of  Cigarette 
Smoke  in  Dogs:  High  and  Low 
Nicotine  Content 
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Southwest  Foundation 
(ECl-SHP-74-102) 

Arthur  D.  Little,  Inc. 
(ECI-SHP-74-105) 


American  Health  Foundation 
(ECI-SHP-74-109) 

Beth  Israel  Hospital 
(ECI-SHP-75-111) 

Hazleton  Laboratories, 
America,  Inc. 
(ECI-SHP-75-112) 

Arthur  D.  Little,  Inc. 
(ECI-SHP-75-116) 


Enviro  Control ,  Inc. 
(ECI-SHP-75-120) 


Inhalation  Testing  of  Cigarette   1693 
Smoke  in  Baboons 

Bioassay  of  the  Cytotoxicity  of   1695 
Cigarette  Smoke  and  of  its 
Effects  on  Ciliary  Function 

Evaluation  of  Carcinogenic  Agents  1696 
in  Cigarette  Smoke 

Inhalation  Bioassay  of  Cigarette  1697 
Smoke  in  Pigeons 


Effects  of  Nicotine  and  Carbon 
Monoxide  in  Cigarette  Smoke  on 
Atherogenesis 


1698 


Development  of  a  Flavor  System    1699 
for  Acceptability  to  Smokers  of 
Candidate  Less  Hazardous  Cigarettes 

An  International  Epidemiologic    1700 
Study  of  the  Relationship  Between 
Tobacco  Usage  and  Lung  Cancer 
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Contract 

Battel le  Pacific  Northwest  Labs 
(ECI-SHP-75-121) 

International  Agency  for 
Research  on  Cancer 
(ECI-SHP-77-130) 

Harvard  Medical  School 
(ECI-SHP-77-131) 

Kaiser  Foundation  Research 

Institute 

(ECI-SHP-77-132) 

Equifax,  Inc. 
(ECI-SHP-77-134) 

American  Health  Foundation 
(ECI-SHP-78-135) 

American  Health  Foundation 
(ECI-SHP-78-136) 


Title 

Inhalation  Bioassay  of  Cigarette 
Smoke  in  Rats 


Page  No. 
1701 


Case  Control  Study  of  Lung  Cancer  1702 
in  Cuban  Men  and  Women 


Nicotine  Titration  (Accommodation)  1703 
in  Cigarette  Smokers 


Surveillance  of  Health  Effects 
of  Potentially  Less  Hazardous 
Cigarettes 


1703 


Case-Control  Study  of  Lung  Cancer  1704 
Incidence  in  Cuban  Immigrants 

Epidemiology  of  Smoking-Related    1705 
Diseases 

Epidemiologic  Investigation  of    1706 
the  Relation  Between  Bladder 
Cancer,  Saccharin  Usage,  and 
Smoking 


*These  lists  include  all  contracts  active  in  FY'80,  although  some  were  funded 
for  their  terminal  year  with  FY' 79  funds. 
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SMOKJNG  AND  HEALTH  PROGRAM 
CONTRACT  NARRATIVES 

U.S.  DEPARTMENT  OF  AGRICULTURE  CYOl-CP-60209) 

Title:  Produce,  Process  and  Evaluate  Experimental  Tobaccos. 

Contractor's  Project  Director:  Dr.  T.  C.  Tso 

Project  Officer  (NCI):  Dr.  Thomas  B.  Owen 

Objectives :  This  project  is  a  cooperative  interagency  agreement  between  the 
Beltsville  Agricultural  Research  Center,  Agricultural  Research,  Science 
Education  Administration  (SEA),  United  States  Department  of  Agriculture, 
and  the  Division  of  Cancer  Cause  and  Prevention  of  the  National  Cancer 
Institute.  The  objective  is  the  development  of  tobacco  that  is  biologically 
less  active  for  possible  use  in  expermental  less  hazardous  cigarettes. 

Major  Findings:  A  pilot  plant  has  been  built  for  the  homogenized  leaf  curing 
(HLC)  process  at  Oxford,  North  Carolina.  In  Lexington,  Kentucky,  facilities 
are  being  developed  to  form  a  matrix  of  continuous  longitudinal  conduits 
from  HLC  material.  In  Beltsville,  Maryland,  facilities  for  large  scale 
crystallization  of  pure  fraction-!  and  fraction-2  proteins  from  tobacco  are 
now  available. 

SEA  scientists  are  examining  the  desirability  of  a  two  cropping  or  a  three 
cropping  system  with  close  spacing  for  maximum  soluble  protein  recovery  and 
maximum  yield  of  HLC  material  for  use  in  production  of  less  hazardous 
cigarettes.  Other  variations  in  processing  conditions  are  also  being 
explored. 

In  comparison  to  the  constitution  of  smoke  from  conventional  control  materials, 
paper  reconstituted  HLC  material  has  significantly  lower  amounts  of  carbon 
monoxide,  hydrogen  cyanide,  acrolein,  isoprene,  phenol,  nitrosonornicotine, 
dimethylnitrosamine  and  tar.  In  sebaceous  gland  suppression  tests,  smoke 
condensates  from  HLC  materials  were  substantially  less  active  than  controls. 

A  pyrolytic  study  was  conducted  with  F-1  and  F-2  proteins.  Pyrolytic  pro- 
ducts include  pyridine,  picolines,  lutidines,  2-  and  3-vinylpyridines, 
methyl vinylpyridine,  methylnicotinonitrile,  nicotinonitrile,  quinoline,  iso- 
quinoline,  methylquinoline,  ethylpyridine,  methyl pyrazine,  and  HCN.  The 
amount  of  HCN  and  quinoline  produced  indicates  that  soluble  proteins  are 
major  precursors  of  those  components. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  This 
project  provides  new  information  on  production  factors  affecting  smoke  com- 


position  and  biological  activity.  Inhalation  bioassay  of  tobacco  products 
formulated  with  experimental  HLC  materials  will  be  necessary  before  human 
health  hazard  appraisals  can  be  made. 

Proposed  Course:  This  effort  is  planned  for  continuation  since  the  successful 
development  of  biologically  less  active  tobaccos  may  contribute  to  lower  rates 
of  smoking  related  diseases. 

Date  Interagency  Agreement  Initiated:  October  1,  1979. 

Current  Annual  Level :  $70,000. 

OAK  RIDGE  NATIONAL  LABORATORY  (YOl-CP-602061 

Title:  Collection,  Separation,  Elucidation  of  the  Components  of  Cigarette 
Smoke  and  Smoke  Condensate. 

Contractor's  Project  Directors:  Dr.  Michael  R.  Guerin 

Dr.  Roger  A.  Jenkins 

project  Officer  (NCI):  Dr.  Thomas  B.  Owen 

Objectives:  Part  I:  The  tobacco  smoke  chemistry  project  provides  the  Smoking 
and  Health  Program  with  the  analytical  support  necessary  to  enable  maximum 
characterization  of  cigarette  smoke  undergoing  biological  and  epidemiological 
evaluation.  The  principal  activity  is  the  analysis  of  cigarette  smoke  and 
cigarette  smoke  condensate  used  in  current  research  projects  of  other  NCI 
subcontractors.  Part  II:  This  program  carries  out  inhalation  bioassay 
monitoring  and  dosimetry  support  in  response  to  the  Smoking  and  Health  Pro- 
gram's interest  in  obtaining  the  maximum  amount  of  information  from  its 
inhalation  experiments.  This  allows  for  assessment  of  the  relative  biological 
impact  of  tobacco  smoke  from  experimental  cigarette  variants. 

Major  Findings:  Part  I:  Analysis  of  the  smokes  of  a  larger  number  of  U.S. 
cotraiercial  cigarettes  has  indicated  a  good  correlation  between  "tar"  and 
carbon  monoxide  deliveries  for  filter  cigarettes,  but  not  for  non-filter 
brands.  Chemi luminescent  analyses  have  shown  there  to  be  50-100  percent  more 
oxides  of  nitrogen  present  in  fresh  cigarette  smoke  than  previously  reported. 
In  support  of  the  European  epidemiologic  study,  numerous  brands  of  commercial 
smoking  products  have  been  assayed  for  NCI-specified  smoke  constituents. 

Part  II:  Estimates  of  offered  smoke  dose  and  dose  variability  factors  in  NCI- 
sponsored  inhalation  studies  have  been  made.  Radiochemical  analyses  of  tracer- 
exposed  tissue  samples  from  the  Borriston  Research  Laboratories-ORNL  collabora- 
tive dosimetry  experiment  have  been  completed  and  initial  assessment  of  dose 
groups  made.  A  dosimeter  for  the  quantitative  characterization  of  smoke  inhaled 
hy   beagle  dogs  has  been  developed.  Development  of  analytical  methodology  for 
dosimetry  in  humans  is  underway. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  These 
chemical  studies  provide  means  by  which  biological  activity  may  be  cor- 
related with  various  constituents  of  smoke  in  attempts  to  standardize 
testing  procedures.  These  analytical  capabilities  are  of  equal  importance 
in  providing  quantitative  data  on  cigarettes  consumed  by  subjects  in  epidemio- 
logical studies. 

Proposed  Course:  This  program  will  continue  for  approximately  two  additional 
years. 

Date  Interagency  Agreement  Initiated:  February  29,  1980. 

Current  Annual  Level :  $550,000. 

VETERANS  ADMINISTRATION  HOSPITAL,  EAST  ORANGE,  NEW  JERSEY  (YOl-CP-80201 ) 

Title:  Inhalation  Bioassay  of  Cigarette  Smoke  in  Male  Beagle  Dogs. 

Contractor's  Project  Director:  Dr.  Oscar  Auerbach 

Project  Officer  (NCI):  Dr.  Thomas  B.  Owen 

Objectives:  The  objective  of  this  project  is  to  study  the  effects  of  high 
tar-high  nicotine,  medium  tar-medium  nicotine  and  low  tar-low  nicotine  ciga- 
rettes in  the  development  of  pulmonary  and  cardiovascular  diseases  in  male 
beagle  dogs  chronically  exposed  to  cigarette  smoke. 

Major  Findings:  Male  purebred,  tracheostomized  beagle  dogs  will  be  exposed 
to  high,  medium  and  low  (tar/nicotine)  cigarettes  using  the  ADL  II  smoking 
system.  The  dogs  will  be  divided  into  four  groups  (three  smoking  and  one 
sham  control).  After  acclimation  to  dose,  dogs  will  receive  twelve  cigarettes 
per  day,  seven  days  a  week  via  a  cuffed  tracheostomy  tube. 

Hematology  and  clinical  chemistry  tests  have  been  performed  for  base-line  data 
prior  to  the  start  of  smoking  and  will  be  performed  at  250-day  intervals  until 
death.  Bioassay  monitoring  of  experimental  cigarette  smoke  and  condensate  will 
be  accomplished  by  Oak  Ridge  National  Laboratories. 

The  study  began  December  3,  1979,  and  is  a  follow-on  to  Interagency  Agreement 
YOl-CP-40205  which  utilized  different  cigarettes,  the  ADL-I  smoking  machine 
and  uncuffed  cannulas.  Although  it  is  too  early  to  comment  on  early  data, 
it  is  intended  that  this  comparative  study  will  answer  questions  concerning 
type  of  cigarette  vs.  method  of  smoking. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  Study 
of  developing  pathology  in  tissues  of  the  experimental  animals  in  this  study 
and  analysis  of  the  biochemical  data  should  provide  information  of  value 
regarding  the  role  that  tar  and  nicotine  play  in  cigarette-induced  disease. 

Proposed  Course:  This  is  a  three  year  inhalation  bioassay  that  has  just 
recently  started.  It  is  expected  that  the  program  will  continue  to  completion. 
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Date  Interagency  Agreement  Initiated:  October  1,  1979. 
Current  Annual  Level :  $450,000. 

ENVIRO  CONTROL,  INC.   (NOl-CP-55666) 

Title:  Smoking  and  Health  Program  Prime  Contract. 

Contractor's  Project  Director:  Dr.  Allan  P.  Gray 

Project  Officer  (NCI):  Dr.  Thomas  B.  Owen 

Objectives:  The  overall  purpose  of  the  Prime  Contract  is  to  facilitate  pro- 
gress toward  the  objectives  of  the  Smoking  and  Health  Program  by  the  provision 
of  essential  scientific  and  administrative  services.  A  broad  range  of  such 
services  are  furnished.  The  majority  of  research  projects  conducted  within 
the  Program  are  performed  under  subcontract  with  the  Prime  Contractor;  other 
projects  are  conducted  through  interagency  agreements  with  NCI.  The  Prime 
Contractor  provides  a  full  range  of  management  services  for  the  subcontracts 
and  support  services  for  the  interagency  agreements. 

In  fulfilling  its  responsibilities,  the  Prime  Contractor  engages  in  the 
following  activities: 

Development  of  New  Areas  of  Investigation:  The  Prime  Contractor  assists  NCI 
in  the  identification  of  new  areas  which  have  reached  the  point  where  they 
may  be  usefully  investigated.  With  the  approval  of  the  NCI  Project  Officer, 
the  Prime  Contractor  develops  background  material  related  to  potential  new 
projects-,  reviews  the  literature,  holds  meetings  and  workshops  with  select 
groups  of  scientists  to  define  specific  objectives  and  protocols  for  ultimate 
embodiment  in  Project  Plans.  Following  approval  of  a  Project  Plan  by  NCI,  the 
Prime  Contractor  prepares  and  issues  an  RFP,  evaluates  proposals,  negotiates 
and,  upon  receipt  of  authorization  from  NCI,  awards  a  subcontract. 

Monitoring  and  Evaluation  of  Projects:  Once  contracts  are  underway,  the  Prime 
Contractor  assigns  Project  Monitors  and  backup  monitors  to  maintain  close 
contact  with  the  subcontractors.  Reports  are  reviewed  and  evaluated,  staff 
visits  to  the  subcontractors  are  made,  consultants  are  called  in  as  needed, 
in  order  to  assure  that  the  projects  are  being  carried  out  effectively,  and 
are  progressing  toward  their  defined  objectives.  The  Prime  Contractor  per- 
forms technical,  administrative  and  financial  evaluations  of  each  study. 

Analysis:  The  Prime  Contractor  provides  NCI  with  biostatistical  and  technical 
analyses  of  data  and  information  deriving  from  Smoking  and  Health  Program 
projects.  Computer  processing,  storage  and  retrieval  of  data  are  used  as 
needed. 

Coordination  and  Planning:  The  Prime  Contractor  evaluates  and  correlates  data 
deriving  from  the  literature  and  the  various  projects  with  the  aid  of  consult- 
ants and  assists  NCI  in  planning  future  directions  for  the  Program. 
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Liaison:  The  Prime  Contractor  works  closely  with  the  NCI  administrative, 
technical  and  contracts  staff,  with  Program  advisory  groups  and  with  a  large 
number  of  consultants  who  provide  a  broad  range  of  pertinent  expertise. 

Information:  As  authorized  by  NCI,  the  Prime  Contractor  disseminates  infor- 
mation, furnishes  reports,  documents,  papers  to  NCI,  and  through  NCI  to  the 
scientific  community  and  the  general  public. 

Materials:  The  Prime  Contractor  handles  the  purchase,  storage  and  distribution 
of  tobacco  supplies,  cigarettes,  equipment  and  other  Program  materials. 

Major  Findings:  The  Prime  Contract  is  primarily  designed  to  provide  scien- 
tific support,  contract  management  and  administrative  services  to  the  Program. 
During  the  past  year,  the  Prime  Contractor  has  prepared  and  submitted  well 
over  100  reports,  memoranda  and  analyses  of  various  aspects  of  smoking  and 
health,  statistical  analyses  and  discussions  of  laboratory,  epidemiologic  and 
literature  data,  organizational,  support  and  follow-up  documentation  for  con- 
ferences and  contractor  meetings.  A  working  conference  was  held  in  Savannah, 
Georgia,  March  11-14,  1979.  Staff  visits  and/or  site  visits  to  various  sub- 
contracts were  arranged  and  held.  A  total  of  18  subcontracts  ranging  from 
animal  bioassay  to  human  epidemiologic  studies  were  monitored;  eight  sub- 
contract renewals  and  a  number  of  subcontract  modifications  and  extensions 
were  negotiated  and  executed  as  authorized  by  NCI.  Of  the  total,  four  were 
new  subcontracts  which  were  prepared,  approved  by  NCI  and  put  into  effect. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
activities  of  the  Prime  Contractor  are  reflected  in  the  scientific  integrity 
and  aims  of  the  Smoking  and  Health  Program.  The  Prime  Contractor  serves  the 
interests  of  the  Program  by  carrying  out  its  responsibilities  as  directed  by 
NCI. 

Proposed  Course:  The  Prime  Contract  expires  June  30,  1980.  It  is  anticipated 
that  the  NCI  will  convert  existing  subcontracts  to  NCI  contracts  at  that  time. 

Date  Contract  Initiated:  January  1,  1980. 

Current  Annual  Level :  $2,086,305. 

BORRISTON  LABORATORIES  (NOl -CP-55666-SA12) 

Title:  Inhalation  Bioassay  of  Cigarette  Smoke  in  Dogs:  High  and  Low 
Nicotine  Content. 

Contractor's  Project  Director:  Dr.  V.  Piccirillo 

Project  Officer  (NCI):  Dr.  Thomas  B.  Owen 

Objectives:  The  objective  of  this  project  is  to  develop  the  techniques 

necessary  for  the  use  of  a  beagle  bioassay  model.  The  effects  of  high  and 

low  nicotine  cigarettes  are  tested  using  tracheostomized  dogs  routinely  exposed 
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to  cigarette  smoke.  Pulmonary  and  cardiovascular  function  tests  are  per- 
formed, as  well  as  routine  chemical  analyses  of  blood.  Histopathology  and 
morphometry  are  performed  on  selected  tissues. 

Major  Findings:  Most  of  the  dogs  have  been  on  study  over  1,200  days  and 
some  alterations  in  pulmonary  function  and  hematology  are  now  evident.  Some 
of  these  changes  appear  to  be  dose-related  and  it  is  possible  that  the  beagle 
dog  model  may  be  useful  in  detecting  certain  chronic  physiological  responses 
to  cigarette  smoke  inhalation. 

Several  short-term  studies  have  been  conducted  during  this  year  including 
blood  and  tissue  protease  determinations,  plasma  nucleoside  analysis,  nicotine- 
cotinine  algorithm,  nicotine  aerosol  inhalation  trials  and  a  pancreatic  enzyme 
bioassay.  These  tests  have  been  initiated  to  utilize  the  continuing  dog 
inhalation  smoke  exposure  in  searching  for  reliable  short-term  tests  which 
may  serve  as  early  indicators  of  smoke-related  disease  processes. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Insitute:  His- 
torically, one  of  the  goals  of  the  Smoking  and  Health  Program  has  been  to 
assess  the  effects  of  modifications  in  cigarette  composition  on  tobacco- 
related  disease  processes.  In  attaining  this  goal,  researchers  have  used 
several  methods  (including  bioassay  models)  for  evaluating  the  effects  of 
modified  tobacco  and  cigarette  composition.  This  project  is  a  continuation 
of  research  to  refine  the  techniques  and  procedures  for  a  beagle  dog  bio- 
assay model.  The  model  is  to  be  used  to  compare  the  biological  effects  of 
various  experimental  cigarettes,  with  current  emphasis  on  cigarettes  differing 
in  nicotine  yields. 

Proposed  Course:  This  project  was  recently  reviewed  by  senior  NCI  staff  with 
resulting  recommendation  for  completion  of  scheduled  testing  and  orderly 
phase  out. 

Date  Contract  Initiated:  January  1,  1978. 

SOUTHWEST  FOUNDATION  FOR  RESEARCH  AND  EDUCATION  (ECI-SHP-74-102) 

Title:  Inhalation  Testing  of  Cigarette  Smoke  in  Baboons, 

Contractor's  Project  Director:  Dr.  Walter  R.  Rogers 

Project  Officer  (NCI):  Dr.  Thomas  B.  Owen 

Objectives:  The  objectives  of  this  program  are  to  (1)  demonstrate  that  the 
baboon  can  serve  as  a  surrogate  cigarette  smoker  analogous  to  the  human;  (2) 
collect  behavioral  and  chemical  absorption  data  as  the  animals  smoke  various 
types  of  cigarettes;  C3)  conduct  experiments  to  detect  possible  cigarette 
habituation  in  smoking  animals;  [4)  examine  cardiopulmonary  effects  during 
several  years  of  intensive  cigarette  smoking;  (5)  examine  the  biochemical, 
cardiovascular,  and  pulmonary  effects  of  nicotine  aerosol  exposure;  (6)  examine 
a  variety  of  aspects  of  pulmonary  defense  mechanisms  including  studies  of  the 


1693 


cell  biology  of  bronchoalveolar  lavage  fluids  and  the  structural  and  functional 
characteristics  of  both  alveolar  and  peripheral  lymphocytes;  and  (7)  make 
recommendations  as  to  the  Utility  of  the  baboon  as  a  model  to  study  the  effects 
of  cigarette  smoking. 

Major  Findings:  To  date,  the  project  has  (1)  developed  the  necessary  instru- 
mentation, training  techniques,  and  dosimetry  methods;  (2)  trained  13  animals, 
plus  five  controls,  to  smoke  cigarettes  in  a  human-like  fashion  using  either 
a  single-stage  inhalation  procedure  or  a  two-stage  inhalation  procedure  which 
even  more  closely  simulates  the  performance  of  many  humans  who  inhale  cigarette 
smoke;  (3)  demonstrated  that  the  smoking  behavior  of  the  baboons  can  be  con- 
trolled by  operant  conditioning  techniques  for  periods  of  years  with  the 
animals  smoking  over  two  packs  a  day;  C*^)  shown  that  the  baboons  will  smoke  at 
least  15  widely  different,  types  of  cigarettes;  (5)  found  that  baboons  develop 
carbon  monoxide,  thiocyanate,  nicotine  and  cotinine  levels  comparable  to  those 
of  human  smokers;  C6)  measure  smoking  puff  profiles  in  baboons,  finding  puff 
volumes,  pressure,  and  durations  similar  to  those  of  human  smokers;  (7)  studied 
the  relationships  between  smoking  behavior  and  cigarette  type  with  absorption 
and  clearance  of  carbon  monoxide,  thiocyanate,  nicotine  and  cotinine  in  blood 
and  urine;  C8)  found  that  although  the  cigarette  smoking  baboon  is  like  the 
human  in  its  preference  for  high  nicotine  content  cigarettes,  the  baboon  does 
not  appear  to  smoke  cigarettes  without  an  extrinsic  reinforcer;  (9)  demonstrated 
deposition  of  significant  amount  of  particulate  matter  in  the  alveoli  using 
C-dotriacontane  recovered  by  bronchoalveolar  lavage;  (10)  observed  various 
morphological,  physiological,  and  biochemical  changes,  including  elevations 
in  aryl  hydrocarbon  hydroxylase  CAAH)  activity  which  were  correlated  with 
duration  of  smoking  and  degree  of  inhalation,  in  alveolar  macrophages  recovered 
by  bronchoalveolar  lavage;  (11)  demonstrated  that,  although  most  pulmonary 
function  characteristics  of  the  smoking  animals  were  not  different  from  normal, 
the  smoking  animals  do  show  greater  bronchoconstriction  in  response  to  metha- 
choline  aerosol  challenge;  (12)  observed  that  nicotine  aerosol  reduces,  or 
blocks,  the  bronchoconstricting  effects  of  methachol ine;  (13)  demonstrated  that 
baboons  will  inhale  200  mg.  of  nicotine  in  aerosol  form  per  day,  producing 
blood  and  urine  nicotine  and  cotinine  levels  five  to  ten  times  higher  than 
those  reported  for  human  cigarette  smokers;  (14)  found  that  the  baboons  will 
titrate  their  nicotine  aerosol  intake  in  response  to  manipulations  of  the  pH 
of  the  aerosol  solution  and  that,  under  some  conditions,  the  animals  prefer 
nicotine  aerosol  to  cigarette  smoke;  and  (15)  observed  decreases  in  platelet 
factor  IV  and  increases  in  platelet  factor  VIII,  both  signs  of  arterial  injury, 
in  smoking  animals. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  Develop- 
ment of  an  animal  model  whose  physiology  and  smoking  behavior  closely  resemble 
that  of  the  human  is  an  important  bioassay  method.  It  enables  the  study  of 
experimental,  less  hazardous  cigarettes  in  vivo,  and  it  allows  the  study  of 
possible  health  effects  of  cigarette  smoking  in  an  integrated  experimental 
program. 

Proposed  Course:  Additional  cardiovascular  studies  will  be  conducted  on 
tethered  animals  with  indwelling  circulatory  catheters.  Smoking  animals  will 
be  examined  for  pulmonary  effects  via  pulmonary  function  tests  and  examination 
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of  pulmonary  lavage  fluids.  Blood  CO,  plasma  cotinine  and  plasma  thiocyanate 
levels  will  be  determined.  As  of  July  1,  1980,  the  NCI  plans  to  convert  this 
ECI  subcontract  into  a  contract  with  NCI.  Work  will  continue  to  the  originally 
planned  expiration  date. 

Date  Contract  Initiated:  November  1,  1979. 

ARTHUR  D.  LITTLE,  INC.   (ECI-SHP-74-105) 

Title:  Bioassay  of  the  Cytotoxicity  of  Cigarette  Smoke  and  of  Its  Effects 
on  Ciliary  Function:  Experimental  Model  for  the  Study  of  Pulmonary 
Neoplasia. 

Contractor's  Project  Director:  Dr.  Sam  P.  Battista 

Project  Officer  (NCI):  Dr.  Thomas  B.  Owen 

Objectives:  Task  I.  To  develop  an  in  vivo,  short-term  animal  model  for  bio- 
assay of  the  carcinogenic  properties  of  cigarette  smoke.  Task  II.  To  develop 
an  inexpensive  continuous  smoking  machine.  Task  III.  To  conduct  experiments 
to  determine  more  sensitive  indicators  for  inhalation  bioassays. 

Major  Findings:  Cytotoxicity  Bioassay.  A  report  of  effects  of  smoke  on  cilia 
and  KB  tumor  cell  culture  obtained  from  NCI  series  4  experimental  cigarettes 
was  completed  and  submitted  to  Enviro  Control,  Inc.  In  vivo  bioassay  model: 
In  dogs  multiple  doses  of  smoke,  smoke  condensate  with  and  without  dimethyl- 
benzanthracene  as  a  primer,  or  two  known  carcinogens,  N-methyl-N  -nitro-N- 
nitrosoguanidine  and  3  methylcholanthrene,  were  applied  directly  to  the 
bronchus  via  bronchial  catheters  and/or  bronchoscope  for  periods  ranging 
between  several  months  and  three  years.  All  animals  have  now  been  necropsied 
and  lungs  processed  for  histopathologic  evaluation. 

Studies  have  been  conducted  to  determine  the  effects  of  cigarette  smoke  on 
lung  function  as  a  means  to  developing  more  sensitive  indicators  for  inhalation 
bioassays.  Swimming  endurance  was  selected  as  the  method  for  ascertaining 
maximum  physical  performance  potential  in  rats  before  and  after  smoking  and 
before  and  after  administration  of  bronchoconstrictors  histamine  and  metha- 
choline,  used  as  a  tool  to  increase  the  response  to  cigarette  smoke.  Rats 
receiving  i.v.  doses  of  complete  Freund's  adjuvant  to  produce  granulamatous 
lung  lesions  were  used  as  positive  controls.  Results,  although  preliminary, 
show  that  endurance  is  reduced  in  adjuvant-treated  rats  as  compared  to  controls 
and  that  the  response  to  histamine  is  more  reliable  than  to  methacholine.  The 
results  with  cigarette  smoke  were  not  definitive,  but  suggest  that  endurance 
may  be  decreased  as  a  result  of  smoke  exposure. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  Using 
animal  models,  the  effects  of  cigarette  smoke  and  smoke  condensates  have  been 
determined  on  bronchial  epithelium  and  trachea.  This  knowledge  enables  an 
interpretation  of  the  effects  of  cigarette  smoking  on  human  bronchi  and 
trachea.  In  addition,  this  project  has  provided  some  insight  into  the  possible 
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etiology  of  obstructive  lung  disease  that  involve  diminished  mucociliary 
clearance,  e.g.,  COPD  and  cystic  fibrosis. 

Proposed  Course:  This  subcontract  was  completed  April  30,  1979.  Remaining 
animals  have  been  necropsied  and  pathology  evaluated.  Final  report  is  being 
evaluated. 

Date  Contract  Initiated:  January  1,  1978. 

AMERICAN  HEALTH  FOUNDATION  (ECI-SHP-74-109) 

Title:  Evalulation  of  Carcinogenic  Agents  in  Cigarette  Smoke. 

Contractor's  Project  Directors:  Dr.  Dietrich  Hoffmann 

Dr.  Ernst  L.  Wynder 

Project  Officer  (NCI):  Dr.  Thomas  B.  Owen 

Objectives:  The  objective  of  this  project  is  to  identify  tobacco  and 
tobacco  smoke  constituents  having  adverse  effects  on  health.  This  includes 
the  isolation  and  identification  of  toxic  agents  including  mutagens,  tumor 
initiators,  tumor  promoters,  cocarcinogens  and  organ-specific  carcinogens  from 
tobacco,  tobacco  additives  and  cigarette  smoke.  In  addition,  the  research 
program  encompasses  studies  of  in  vivo  formation,  bioassay  and  metabolic 
activation  of  tobacco-specific  mutagens  and  carcinogens.  Another  aspect  of 
this  effort  is  concerned  with  the  monitoring  of  chemical  and  biological 
properties  of  smoking  products  claimed  to  present  lower  risks. 

Major  Findings:  The  tumor-promoting  activity  and  the  cocarcinogenic  activity 
of  cigarette  smoke  was  found  to  reside  in  certain  subfractions  of  the  weakly 
acidic  portion  and  the  neutral  fraction  of  the  particulate  matter.  The  active 
weakly  acidic  portion  amounts  to  approximately  0.5  percent  of  the  total  "tar" 
and  was  shown  to  contain  the  cocarcinogenic  catechols,  as  well  as  cyclopen- 
tenolones,  cyanophenols,  hydroxyacetophenones  and  coniferyl-alcohols,  which 
are  suspected  cocarcinogens.  The  cocarcinogenic  neutral  subfractions  that 
have  been  freed  of  PAH  contain  the  tobacco-specific  terpenoids  and  some  of 
their  pyrolysis  products. 

Several  tobacco-specific  N-nttrosamines  have  been  identified  in  tobacco  and 
tobacco  smoke.  These  are  N'-nitrosonornicotine  (NNN),  4-(N-methyl-N-nitros- 
amino)-l-(3-pyridyl)-l-butanone  (NNK),  and  N'-nitrosoanatabine  (NAtB).  NNN 
and  NNK  induce  tumors  and  carcinomas  in  the  respiratory  tracts  of  mice,  rats 
and  Syrian  golden  hamsters.  These  nitrosamines  are  also  active  as  contact 
carcinogens  in  rats  and  hamsters  when  given  in  drinking  water,  inducing  tumors 
in  the  respiratory  tract,  the  mouth,  and  the  esophagus.  NAtB  has  thus  far  not 
been  bioassayed.  All  three  N-nitrosamines  are  also  formed  in  the  oral  cavity 
during  tobacco  chewing. 

A  basic  subfraction  was  isolated  from  the  semivolatile  portions  of  cigarette 
tobacco,  which  contains  flavor  compounds,  and  which  was  found  to  be  mutagenic. 
Isolation  studies  have  led  to  alkylated  pyrazines  and  pyridines,  which  are 
currently  being  assayed  for  their  biological  activities. 
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Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
National  Cancer  Institute  has  had  responsibilities  in  defining  the  hazards 
of  smoking.  Resources  available  at  the  American  Health  Foundation  permit  the 
organization  to  interrelate  the  activities  and  findings  of  its  Division  of 
Epdiemiology  with  those  of  laboratory  investigators  in  varied  areas  of 
specialization.  Such  an  interface  has  allowed  pursuit  of  various  epidemio- 
logical and  experimental  leads  in  the  study  of  environmental  carcinogenesis. 

Proposed  Course:  This  effort  was  converted  to  an  NCI  contract  on  March  31, 
1980.  It  is  anticipated  that  this  project  will  continue  until  August  30, 
1980. 

Date  Contract  Initiated:  September  1,  1979. 

BETH  ISRAEL  HOSPITAL  (ECI-SHP-75-111 ) 

Title:  Inhalation  Bioassay  of  Cigarette  Smoke  in  Pigeons:  Effects  of 
Nicotine  and  Carbon  Monoxide  on  Atherosclerosis. 

Contractor's  Project  Director:  Dr.  Gary  L.  Huber 

Project  Officer  (NCI):  Dr.  Thomas  B.  Owen 

Objectives:  The  effects  of  nicotine  and  carbon  monoxide  on  the  development  of 
atherosclerosis  will  be  examined  in  the  White  Carneau  pigeon.  These  pigeons 
naturally  develop  atherosclerosis  on  normal  diets  early  in  their  lifespan 
whereas  other  pigeon  strains  will  not  develop  atherosclerosis.  Biochemical 
and  morphological  parameters  of  atherogenesis  will  be  monitored  as  pigeons 
are  exposed  to  cigarette  smoke  from  low  and  high  nicotine  content  cigarettes. 
The  smoke  bolus  will,  for  some  animals,  be  augmented  with  added  carbon  monoxide. 

The  marked  atherosclerotic  response  In  these  birds  permits  the  testing  of  the 
White  Carneau  pigeon  as  a  model  system  to  monitor  the  effects  of  modifications 
in  cigarette  composition. 

Major  Findings:  All  pigeons  have  completed  planned  12-month  exposures  and 
have  been  sacrificed.  The  birds  accepted  the  atherogenic  diet  well  and  had 
plasma  cholesterol  levels  of  543-665  mg.  percent  at  the  12-month  interval. 
Smoking  exposure  and  the  related  handling  did  not  influence  body  weights, 
since  birds  which  were  sham-exposed  or  exposed  to  smoke  from  low  or  high 
nicotine  cigarettes  with  or  without  added  carbon  monoxide  all  weighed  529-580 
gms.,  while  shelf  controls  averaged  570  gms.  Plasma  phospholipids  and  tri- 
glycerides were  not  influenced  by   smoke  exposure.  Chemical  and  histological 
evaluation  of  aortic  tissue  samples  is  still  in  progress,  so  results  are  not 
yet  available. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  This 
project  will  provide  new  information  on  the  effects  of  cigarette  smoke  para- 
meters on  atherosclerosis  and  conforms  to  the  goals  of  the  National  Cancer 
Institute  and  the  National  Heart,  Lung  and  Blood  Institute  in  the  assessment 
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of  the  effects  of  modifications  in  cigarette  composition  on  tobacco-related 
disease  processes  and  in  the  identification  of  individuals  at  high  risk  to 
tobacco-related  diseases.  • 

Proposed  Course:  The  histopathological  studies  have  been  completed  and  a 
final  report  is  being  prepared. 

Date  Contract  Initiatied:  January  1,  1978. 

HAZLETON  LABORATORIES  AMERICA,  INC.   (ECI-SHP-75-112) 

Title:  Effects  of  Nicotine  and  Carbon  Monoxide  in  Cigarette  Smoke  on 
Atherogenesis. 

Contractor's  Project  Director:  Dr.  William  B.  Coate 

Project  Officer  (NCI):  Dr.  Thomas  B.  Owen 

Objectives:  This  project  is  designed  to  investigate  the  possible  enhancement 
of  diet-induced  atherogenesis  by  components  of  cigarette  smoke.  Groups  of 
beagle  dogs  are  exposed  to  smoke  from  cigarettes  containing  high  and  low 
levels  of  nicotine.  In  some  of  the  animals,  the  smoke  bolus  is  augmented 
with  carbon  monixide  to  produce  further  elevation  of  carboxyhemoglobin  levels. 
Periodic  hematologic,  blood  lipid  and  smoke  dosimetric  measurements  are  being 
performed  for  subsequent  correlation  with  gross  anatomical,  microscopic  and 
tissue  lipid  assays  to  determine  if  nicotine  and  carbon  monoxide  are  syner- 
gistic with  diet-induced  atherogenesis. 

Major  Findings :  The  dogs  have  completed  24  months  on  the  study  and  have  been 
sacrificed  as  planned.  The  Ehrhardt  atherogenic  diet  which  was  used  for  all 
dogs  produced  mean  plasma  cholesterol  levels  of  597-736  mg.  percent  at  the 
15-month  test  interval.  The  two  indices  of  cigarette  smoke  inhalation,  blood 
carbon  monoxide  and  nicotine  levels,  showed  good  group  differentiation  at 
tested  intervals.  At  the  18-month  test,  dogs  receiving  cigarette  smoke  alone 
had  carboxyhemoglobin  levels  of  14  to  17  percent  saturation,  while  those 
receiving  augmented  carbon  monoxide  doses  had  carboxyhemoglobin  levels  in  the 
range  of  20  to  25  percent  saturation.  Pathological  examination  of  six  dogs 
per  group  at  the  one-year  interval  gave  no  evidence  of  a  smoke  component 
effect  on  induction  of  morphological  indicators  of  atherosclerosis.  Gross 
observations  during  24-month  sacrifices  revealed  severe  atherosclerosis  in 
many  of  the  dogs,  although  there  was  a  great  deal  of  variability. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  This 
project  may  provide  information  on  biochemical  and  pathologic  factors  impli- 
cated in  smoking-related  cardiovascular  disease. 

Proposed  Course:  The  smoke  inhalation  phase  was  scheduled  to  run  for  24  months, 
with  incremental  tests  and  sacrifices  to  define  the  time  course  of  biochemical 
and  pathological  changes.  The  exposure  phase  has  been  completed  and  all  dogs 
have  been  sacrificed.  Histopathological  examination  of  tissue  and  chemical 
analyses  are  now  being  conducted  and  will  continue  through  1980. 
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Date  Contract  Initiated:  January  1,  1978. 

ARTHUR  D.  LITTLE.  INC.   (ECI-SHP-75-n6) 

Ti t1 e :  Development  of  a  Flavor  System  for  Acceptability  to  Smokers  of 
Candidate  Less  Hazardous  Cigarettes. 

Contractor's  Project  Director:  Ms.  Anne  J.  Nielson 

Project  Officer  (NCI):  Dr.  Thomas  B.  Owen 

Objectives:  The  objective  of  this  project  is  to  understand  and  reproduce 
those  characteristics  of  a  cigarette  that  make  it  acceptable  to  smokers. 
Smokers  can  be  expected  to  continue  using  more  hazardous  cigarettes  if 
potentially  less  toxic  cigarettes  have  an  unacceptable  taste. 

Major  Findings:  Information  collected  on  the  general  characteristics  of 
commercially  acceptable  cigarettes  in  terms  of  their  flavor  structure  and 
flavor  types  suggests  that  higher  acceptability  is  associated  with  a  full 
blend  of  flavor  and  character  notes  indicative  of  woody  and  tobacco  fragrance. 
A  representative  profile  of  cigarette  acceptability  to  American  smokers  (as 
inferred  from  consumption  patterns)  has  been  developed.  Approximately  two 
dozen  cigarettes  from  the  Smoking  and  Health  Program  experimental  cigarette 
series  have  been  compared  to  this  profile.  The  flavors  of  all  of  the  less 
hazardous  cigarettes  tested  fell  below  minimum  criteria  for  acceptability. 

Continuing  studies  have  concentrated  on  developing  a  flavoring  system  for  a 
filtered  substrate  cigarette  using  natural  materials.  Preliminary  results 
of  these  studies  indicate  that  it  is  possible  to  extrapolate  formulation  and 
flavor  screening  techniques  developed  with  single  organic  chemical  to  the 
evaluation  of  natural  flavoring  materials.  Additionally,  preliminary  results 
indicate  that  a  different  substrate,  e.g.,  a  filter  cigarette  as  opposed  to 
a  single  tobacco  rod,  is  also  amenable  to  the  flavoring  process. 

Another  task,  has  focused  on  the  development  of  a  flavoring  system  for  a  yery 
low  nicotine,  filter  cigarette  that  would  simulate  the  organoleptic  effects 
of  0.5  mg.  to  1.0  mg.  nicotine  per  cigarette.  The  nicotine  "mimic"  exhibits 
many  of  the  flavor  properties  of  the  tobacco  substrate  with  injected  nicotine 
citrate. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
Smoking  and  Health  Program  sought  to  identify  the  characteristics  of  cigarette 
construction  associated  with  reduced  biological  activity.  It  also  sought  to 
identify  those  characteristics  of  cigarette  acceptability  that  could  be 
reintroduced  in  the  event  that  an  innocuous  smoking  matrix  was  produced. 

Proposed  Course:  This  effort  has  been  completed.  The  final  report  is  being 
evaluated. 

Date  Contract  Initiated:  November  1,  1977. 
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ENVIRO  CONTROL.  INC.   (ECI-SHP-75-120) 

Title:  An  International  Eijidemiologic  Study  of  the  Relationship  Between 
Tobacco  Usage  and  Lung  Cancer. 

Contractor's  Project  Directors:  Dr.  M.  Kunze  (Austria) 

Dr.  R.  Flatnant  (France) 

Dr.  R.  Schmahl  (Germany) 

Dr.  F.  Berrino  (Milan,  Italy) 

Dr.  G.  Visco  (Rome,  Italy) 

Dr.  C.  Gill  is  (Scotland) 

Project  Officer  (NCI):  Dr.  Thomas  B.  Owen 

Objectives:  Since  1968,  the  Smoking  and  Health  Program  has  sponsored  a  case- 
control  study  of  the  relationships  between  tobacco  usage  and  cancer  incidence 
in  several  U.S.  cities.  The  purpose  of  the  European  studies  is  to  increase 
and  substantiate  our  understanding  of  these  relationships,  particularly  with 
respect  to  cancer  of  the  lung.  The  range  of  tobacco  products  used,  the 
variations  in  incidence  of  lung  cancer,  the  differences  in  smoking  habits, 
and  the  diversity  of  socioeconomic,  demographic  and  occupational  character- 
istics of  the  European  nations  provide  a  promising  epidemiologic  setting  for 
comparisons  with  the  U.S.  experience. 

A  retrospective  case-control  design  is  used,  based  on  the  U.S.  protocol.  Sub- 
jects are  selected  from  several  hospitals  in  each  country.  Cases  are  hos- 
pitalized patients  with  a  histopathologically  confirmed  diagnosis  of  lung 
cancer.  Two  controls  are  matched  to  each  case  by  sex,  race,  age  and  hospital 
status.  A  detailed  questionnaire  is  administered  by  a  highly  trained  inter- 
viewer, covering,  among  other  topics,  tobacco  habits  and  socioeconomic,  demo- 
graphic, and  occupational  background.  For  these  six  studies  combined,  approxi- 
mately 2,000  cases  (with  twice  as  many  controls)  are  being  interviewed  annually, 

A  pilot  study  in  Austria  indicates  that  it  is  feasible  to  include  pancreatic 
cancer  patients  as  well  as  lung  cancer  patients  as  cases  for  these  investi- 
gations. 

Major  Findings:  Studies  of  this  nature  usually  require  several  years  of 
observation  before  meaningful  results  are  possible;  thus,  no  significant 
findings  are  available  at  this  time.  However,  preliminary  results  indicate 
that  the  variations  anticipated  among  respondents  from  the  different  countries 
are  emerging.  Statistical  analyses  and  epidemiologic  interpretations  of  the 
data  will  be  performed  as  a  sufficient  number  of  responses  become  available. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
results  of  this  study  will  be  compared  to  those  obtained  from  other  Smoking 
and  Health  Program  case-control  studies  to  clarify  the  role  of  smoking  usage 
and  other  factors  in  the  development  of  lung  cancer.  These  studies  address 
two  Smoking  and  Health  Program  objectives:  to  identify  individuals  at  high 
risk  to  tobacco-related  disease,  and  provide  information  on  smoking  habits 
and  patterns  related  to  disease. 
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Proposed  Course:  It  is  expected  that  6-9  months  of  data  collection  will  be 
sufficient  to  provide  the  SHP  with  the  information  needed  to  satisfy  the 
requirements  of  this  study".  This  added  effort  will  concentrate  on  eliminating 
deficiencies  in  selected  categories  such  as  occupational  exposure  and  relatively 
small  numbers  of  female  respondents.  Analysis  of  data  is  anticipated  within 
one  year. 

Date  Contract  Initiated:  May  1,  1979. 

BATTELLE  PACIFIC  NORTHWEST  LABORATORIES  (ECI-SHP-75-121 ) 

Title:  Inhalation  Bioassay  of  Cigarette  Smoke  In  Rats. 

Contractor's  Project  Director:  Dr.  Alfred  P.  Wehner 

Project  Officer  (NCI):  Dr.  Thomas  B.  Owen 

Objectives:  The  objectives  of  this  project  are  to  evaluate  the  rat  as  an 
inhalation  bioassay  model  and  to  determine  the  relative  toxicity  of  three 
different  types  of  cigarettes. 

Rats  were  routinely  exposed  to  smoke  from  three  different  types  of  cigarettes, 
varying  in  tar  and  nicotine  levels.  Physiological  and  histopathologic  measure- 
ments were  made  and  data  analyzed  to  determine  whether  changes  related  to 
these  types  of  smoke  can  be  detected  with  this  model. 

Smoke  exposure  procedures,  physiological  tests  and  histopathologic  methods 
were  standardized  and  cigarette  smoke  characterized.  Groups  of  female  Fischer 
rats  were  exposed  to  cigarette  smoke  eight  times  daily,  seven  days  a  week, 
for  up  to  24  months.  Serial  function  measurements  and  serial  sacrifices  were 
performed  to  determine  the  biological  effects  of  the  smoker  exposures  as  a 
function  of  time  and  dose. 

Major  Findings:  Data  from  12,  18,  and  24-month  testing  indicated  that  body 
weights  and  heart  rates  were  lower  in  smoke-exposed  rats,  while  blood  pressure 
was  increased  in  smoke-exposed  rats.  Body  weight  and  survival  differences 
were  sensitive  enough  to  reflect  the  two  dose  groups  indicated  by  in  vivo 
dosimetry  measurements. 

Smoke-induced  histopathologic  lesions  consisted  primarily  of  pulmonary  smoke 
granulomas.  Additional  changes  included  alveolar  epithelial  hyperplasia, 
basal  cell  hyperplasia,  interstitial  reaction  and  squamous  metaplasia  of 
laryngeal  and  tracheal  epithelium.  Differences  in  the  severity  of  smoke 
granulomas  made  it  possible  to  differentiate  between  rats  inhaling  smoke  from 
low  tar  and  high  tar  cigarettes.  One  primary  epidermoid  carcinoma  was  found 
in  the  lung  of  a  rat  exposed  to  smoke  from  low  tar  cigarettes. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
results  of  this  study  can  be  compared  with  those  of  other  bioassays  to  evaluate 
the  validity  of  skin  painting  and  the  validity  of  this  inhalation  bioassay 
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with  rats.  The  study  will  assess  the  relative  degree  of  hazard  of  experimental 
cigarette  blends  not  previously  tested  by  inhalation  for  other  pulmonary  and 
cardiovascular  effects  or  for  lung  and  other  cancers. 

Proposed  Course:  This  study  has  been  completed  and  has  been  reviewed  by  out- 
side consultants.  Recommendations  have  been  received  and  will  be  incorporated 
into  plans  for  future  studies. 

Date  Contract  Initiated:  January  1»  1978. 

INTERNATIONAL  AGENCY  FOR  RESEARCH  ON  CANCER  (ECI-SHP-77-130) 

Title:  Case  Control  Study  of  Lung  Cancer  in  Cuban  Men  and  Women. 

Contractor's  Project  Directors:  Dr.  Olga  Joly 

Dr.  Nubia  Munoz 

Project  Officer  (NCI):  Dr.  Thomas  B.  Owen 

Objectives:  Cuban  women  have  the  highest  reported  incidence  of  lung  cancer 
of  all  comparable  groups  in  the  Americas  (World  Health  Statistics  Annual,  1973); 
Cuban  men  have  the  third  highest  rates.  This  study  is  intended  to  identify 
specific  factors  associated  with  these  high  rates. 

The  study  is  similar  to  the  U.S.  and  Western  European  case-control  studies 
sponsored  by  the  Smoking  and  Health  Program,  with  three  major  differences: 
the  Cuban  questionnaire  covers  reproductive  history  as  well  as  the  topics 
covered  by  the  other  studies;  one  of  the  matched  controls  is  a  neighborhood 
resident,  as  contrasted  to  both  controls  being  hospitalized  patients;  and 
initially  the  Cuban  study  was  restricted  to  female  respondents.  However, 
male  as  well  as  female  subjects  are  now  being  interviewed. 

Of  primary  interest  in  this  study  is  the  investigation  of  tobacco  type  (light 
and  dark)  associated  with  lung  cancer  development.  Hypotheses  regarding  the 
role  that  light  and/or  dark  tobacco  type  plays  in  the  unusually  high  lung 
cancer  rates  will  be  tested.  In  addition,  data  from  this  study  will  be  com- 
pared to  data  from  the  U.S.  and  Western  European  case-control  studies  to 
increase  and  substantiate  our  understanding  of  the  association  between  smoking 
and  lung  cancer. 

Major  Findings:   The  data  accumulated  thus  far  are  insufficient  to  provide 
meaningful  results. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
results  of  this  study  will  be  compared  to  those  obtained  from  other  Smoking 
and  Health  Program  case-control  studies  to  clarify  the  role  of  smoking  usage 
and  other  factors  in  the  development  of  lung  cancer.  These  studies  directly 
address  two  of  the  principal  Smoking  and  Health  Program  objectives:  to 
identify  individuals  at  high  risk  to  tobacco-related  diseases,  and  provide 
information  for  possible  use  by  others  in  developing  less  hazardous  cigarettes. 
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Proposed  Course:  It  is  anticipated  that  this  effort  will  be  completed  in 
one  year. 

Date  Contracted  Initiated:  June  1,  1979. 

HARVARD  MEDICAL  SCHOOL  (ECI-SHP-77-131 ) 

Title:  Nicotine  Titration  (Accommodation)  in  Cigarette  Smokers. 

Contractor's  Project  Director:  Dr.  Gary  L.  Huber 

Project  Officer  (NCI):  Dr.  Thomas  B.  Owen 

Objectives:  This  project  is  designed  to  determine  if  smokers  alter  their 
smoking  and  respiratory  patterns  in  response  to  the  nicotine  content  of 
cigarettes. 

Male  and  female  volunteers  will  smoke  NCI  supplied  cigarettes  containing  low, 
medium  and  high  levels  of  nicotine  (0.5,  1.0  and  1.5  mg/cigarette  respectively), 
for  periods  of  four  weeks  each.  Smoker  acceptability  of  each  cigarette  type 
will  be  determined  by  a  questionnaire  after  the  first  cigarette  and  again  after 
smoking  that  cigarette  type  for  four  weeks.  These  observations  will  be  cor- 
related with  the  number  of  cigarettes  smoked,  physical  measurements  of  puff 
volume,  puff  duration  and  puff  inspiratory  flow  rates,  as  well  as  blood  levels 
of  carboxyhemoglobin,  nicotine  and  cotinine. 

Major  Findings:  A  total  of  91  participants  (44  male  and  47  female)  were 
selected  for  the  study.  The  experimental  phase  of  the  study  has  been  com- 
pleted, the  data  analyzed,  and  a  final  report  is  in  preparation.  Due  to  the 
study  design,  interim  reporting  of  data  was  not  feasible. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  This 
project  will  provide  new  information  on  whether  people  modify  their  smoking 
and  respiratory  patterns  to  titrate  (accommodate)  inherent  nicotine  require- 
ments. 

Proposed  Course:  The  final  report  will  be  reviewed  by  consultants,  and  their 
recommendations  incorporated  into  plans  for  further  studies. 

Date  Contract  Initiated:  December  1,  1978. 

KAISER  FOUNDATION  RESEARCH  INSTITUTE  (ECI-SHP-77-132) 

Title:  Surveillance  of  Health  Effects  of  Potentially  Less  Hazardous 
Cigarettes. 

Contractor's  Project  Director:  Dr.  Gary  D.  Friedman 

Project  Officer  (NCI):  Dr.  Thomas  B.  Owen 
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Objectives:  This  is  a  prospective  epidemiologic  study  designed  to  investigate 
the  health  effects  of  smoking,  with  a  particular  focus  on  recently  introduced 
smoking  products  with  reduced  yields  of  selected  toxic  constituents. 
Hypotheses  are  to  be  tested  regarding  significant  differences  between  health 
effects  of  the  older  and  newer  smoking  products. 

A  self-administered  questionnaire  will  be  completed  by  all  Kaiser  health  plan 
subjects  who  are  given  a  multiphasic  health  checkup  (MHC)  at  the  KFRI  Oakland- 
San  Francisco  facilities  during  a  two-year  period  (March  1979  -  February  1981). 
It  is  expected  that  approximately  50,000  subjects  will  be  involved  annually. 
The  questionnaire  contains  detailed  questions  on  smoking  habits,  as  well  as 
more  general  questions  on  occupation,  demographic-socioeconomic  characteristics, 
and  dietary  practices.  Questionnaire  responses,  in  conjunction  with  mortality 
and  morbidity  data  (hospitalization  stays,  physician  visits,  days  of  incapaci- 
tation) and  MHC  data,  are  to  be  analyzed  for  relationships  between  smoking 
habits  and  adverse  health  effects. 

This  study  is  planned  initially  to  cover  a  three-year  period  (two  years  of 
data  collection,  one  year  for  follow-up  and  analysis). 

Major  Findings:  Since  this  study  has  just  begun,  there  are  no  findings  to 
report  at  this  time. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  This 
study  addresses  two  Smoking  and  Health  Program  goals:  Identification  of 
individuals  at  high  risk  to  tobacco-related  diseases  and  identification  of 
the  toxic  constituents  of  smoking  products. 

Proposed  Course:  Since  this  is  a  new  effort,  it  is  anticipated  that  it  will 
be  continued  for  three  years  in  order  to  accomplish  objectives. 

Date  Contract  Initiated:  January  1,  1980. 

EQUIFAX,  INC.   (ECI-SHP-77-134) 

Title:  Case-Control  Study  of  Lung  Cancer  Incidence  in  Cuban  Immigrants  to 
the  U.S. 

Contractor's  Project  Director:  Dr.  Nancy  A.  Dreyer 

Project  Officer  (NCI):  Dr.  Thomas  B.  Owen 

Objectives :  A  case-control  investigation  of  lung  cancer  incidence  in  Havana, 
Cuba,  has  been  sponsored  by  the  SHP  for  almost  three  years.  A  companion 
study  among  Cuban  immigrants  now  residing  in  the  Miami/Dade  County  area  of 
Florida  was  initiated  to  complement  the  information  being  obtained  in  Cuba. 
In  particular,  the  new  study  is  designed  to  investigate  effects  on  lung  cancer 
incidence  associated  with  changes  in  the  types  of  tobacco  products  used,  in 
socioeconomic  and  demographic  variables,  in  lifestyle  factors  and  in  related 
characteristics  that  occurred  subsequent  to  immigration. 
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The  protocol  for  the  immigrant  study  is  the  same  as  that  being  used  in  Havana; 
cases  are  patients  hospitalized  with  histopathologically  verified  lung  cancer, 
and  two  controls  are  matched  to  each  case  by  age,  sex,  race,  and  hospital 
accommodation.  One  control  is  a  patient  hospitalized  for  reasons  other  than 
a  tobacco-related  disease  and  the  other  control  is  a  non-hospitalized  subject 
residing  in  the  same  neighborhood  as  the  case.  The  questionnaire  in  both 
studies  is  essentially  the  same.  The  main  difference  between  the  studies  is 
that  male  and  female  respondents  are  recruited  in  the  Havana  study,  while  only 
male  respondents  are  to  be  recruited  in  the  Miami/Dade  County  study. 

Major  Findings:  This  study  is  still  in  the  initial  phases  of  training  the 
interviewers  and  obtaining  hospital  cooperation.  Data  collection  as  such  has 
not  yet  started. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  The 
results  of  this  study  will  be  compared  to  those  obtained  from  other  SHP  case- 
control  studies,  particularly  the  Havana  study,  to  clarify  the  role  of  smoking 
and  other  factors  in  development  of  lung  cancer.  This  study  directly  addresses 
the  two  of  the  principal  SHP  objectives:  To  identify  individuals  at  high 
risk  to  tobacco-related  diseases  and  provide  information  for  use  in  developing 
less  hazardous  cigarettes. 

Proposed  Course:  It  is  planned  that  this  effort  will  undergo  peer  review  for 
determination  of  continued  efforts. 

Date  Contracted  Initiated:  January  1,  1980. 

AMERICAN  HEALTH  FOUNDATION  (ECI-SHP-78-135) 

Title:  Epidemiology  of  Smoking-Related  Diseases. 

Contractor's  Project  Director:  Dr.  Ernst  L.  Wagner 

Dr.  Steven  D.  Stellman 

Ms.  Margaret  H.  Mushinski  ••  ' 

Project  Officer  (NCI):  Dr.  Thomas  B.  Owen 

Objectives:  The  objectives  of  this  project  are  to  evaluate  the  risk  associated 
with  various  smoking  habits,  including  the  type  of  cigarettes  smoked,  to 
identify  the  kinds  of  cigarettes  that  may  be  less  carcinogenic  to  various 
body  organs,  and  to  measure  the  association  between  the  smoking  of  various 
tobacco  products  and  the  development  of  myocardial  infarction.  This  retro- 
spective case-control  study  uses  two  sets  of  controls:  One  consisting  of 
hospitalized  patients  and  the  second  consisting  of  non-institutionalized 
persons  residing  in  the  same  neighborhoods  of  the  index  cases. 

Major  Findings:  The  study  continues  to  demonstrate  a  dose-response  relation- 
ship between  cigarette  smoking  and  development  of  cancer  of  the  larynx,  lung, 
oral  cavity,  esophagus  and  bladder  for  both  sexes.  After  adjusting  for  duration 
of  the  smoking  habit,  inhalation,  and  butt  length,  relative  risks  of  developing 
lung  or  larynx  cancer  were  consistently  lower  among  long-term  smokers  of 
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filtered  cigarettes  (low  tar)  than  among  non-filtered  cigarette  smokers.  For 
ex-smokers,  the  risk  decreased  with  increased  years  of  cessation.  Risk  of 
mouth  cancer  for  pipe  and  cigar  smokers,  who  inhaled  much  less  than  cigarette 
smokers,  increased  with  the  quantity  smoked.  Risk  of  mouth,  larynx  and  esopha- 
gus cancer  among  smokers  increased  with  the  quantity  of  alcohol  consumed. 
More  extensive  smoking  and  lower  cessation  rates  were  noted  among  lower 
socioeconomic  groups,  suggesting  that  these  groups  will  bear  an  ever  increasing 
proportion  of  the  burden  of  tobacco-related  diseases. 

In  accord  with  the  literature,  smoking  among  women  is  becoming  increasingly 
more  prevalent  and,  contrary  to  previous  reports,  persons  smoking  filtered 
cigarettes  do  not  appear  to  significantly  increase  their  levels  of  consumption 
once  they  have  changed  from  a  non-filter  to  a  filter  cigarette.  In  addition, 
when  comparing  case  cohorts,  one  finds  a  significant  increase  in  cigarette 
consumption  among  young  people.  Younger  cancer  patients  generally  have 
smoked  more  cigarettes  than  older  patients.  This  is  consistent  with  the 
observation  that  industry-wide  cigarette  tar  yields  have  been  gradually 
decreasing  over  the  years,  and  larger  quantities  are  required  to  obtain  the 
same  risk  levels. 

The  highly  significant  relationship  reported  between  quantity  smoked  and 
disease  incidence  may  mean  that  duration  of  smoking  is  a  less  important 
variable  or,  more  likely,  may  reflect  the  uniformity  of  smoking  experience 
among  the  different  age  groups.  However,  on  the  average,  lung  cancer  (Kreyberg 
I)  patients  started  smoking  more  than  one  year  earlier  and  continued  to  smoke 
for  a  longer  period  of  time  than  bladder  cancer  patients.  Lung  cancer  patients 
smoked  non-filtered  cigarettes  for  up  to  three  years  longer  than  bladder  cancer 
patients  in  any  given  cohort.  No  consistent  relationship  is  seen  for  filtered 
cigarettes,  suggesting  that  early  smoking  history  is  '^ery   important. 

The  study  continues  to  investigate  the  use  of  the  newer  very-low-tar  cigarettes 
to  determine  whether  there  is  true  reduction  in  disease  risk  associated  with 
reduction  of  tar  and  nicotine. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  This 
study  addresses  two  of  the  principal  Smoking  and  Health  Program  objectives, 
namely:  Identification  of  individuals  at  high  risk  to  tobacco-related  diseases 
and  identification  of  cigarette  components  associated  with  disease  incidence. 

Proposed  Course:  Conclusion  of  this  effort  is  planned  in  three  years  when 
sufficient  data  should  exist  for  analyses  of  smoking  related  diseases. 

Date  Contract  Initiatied:  January  1,  1980. 

AMERICAN  HEALTH  FOUNDATION  (ECI-SHP-78-136) 

Title:  Epidemiologic  Investigation  of  the  Relation  Between  Bladder  Cancer, 
Saccharin  Usage,  and  Smoking. 

Contractor's  Project  Directors:  Dr.  Steven  D.  Stellman 

Dr.  Lirio  Covey 
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Project  Officer  [NCI):  Dr.  Thomas  B.  Owen 

Objectives:  The  objective"  of  this  study  is  to  determine  reliability  of 
responses  regarding  saccharin  usage  and  other  epidemiologic  indices  obtained 
from  bladder  cancer  cases  and  matched  controls  interviewed  in  two  hospital 
and  city  settings  from  1974  to  1979. 

Cases  and  controls  interviewed  since  1974  in  connection  with  the  Foundation's 
ongoing  Epidemiologic  Study  of  Smoking-Related  Diseases  comprise  the  sample 
for  this  study.  Names,  addresses,  telephone  numbers,  and  survival  status 
were  obtained  from  hospital  records.  Subjects  not  known  to  be  deceased  and 
for  whom  addresses  were  available  were  reached  for  their  consent  to  participate 
in  the  study  in  the  response  mode  of  their  preference,  i.e.,  by  telephone 
interview  or  self-administered  questionnaire.  Non-respondents  to  the  initial 
letter  of  contact  were  followed  up  by  correspondence  and  later  by  telephone. 
Data  were  subsequently  collected  from  subjects  in  the  mode  of  their  stated 
choice.  An  abridged  form  of  the  original  questionnaire  was  used  which 
additionally  included  a  measure  of  internal  consistency  of  saccharin  use. 
Data  analysis  consisted  of  (1)  comparison  of  risk  ratios  of  saccharin  usage 
in  relation  to  bladder  cancer  between  the  original  data  and  data  obtained 
from  the  re-interview,  (2)  determining  reliability  measures  of  the  data  on 
use  of  artificial  sweeteners  and  other  variables,  (3)  comparison  of  con- 
gruence between  original  and  re-interview  data  obtained  from  two  cities,  and 
(4)  comparison  of  response  reliabilities  using  either  the  telephone  inter- 
view or  the  self-administered  questionnaire  mode. 

Major  Findings:  This  is  a  short-term  study  for  which  only  preliminary  analyses 
have  been  performed  thus  far. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute:  Thi s 
study  is  in  accord  with  the  stated  objective  of  identifying  individuals  at 
high  risk  to  tobacco-related  diseases.  It  is  designed  primarily  to  address 
the  issue  of  possible  interactive  effects  between  tobacco  usage  and  consumption 
of  artificial  sweeteners. 

Proposed  Course:  This  effort  expired  on  January  31,  1980. 

Date  Contract  Initiated:  May  10,  1979. 
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SPECIAL  PROGRAMS  BRANCH 
LIST  OF  GRANTS  BY  PROGRAM  AREA 


PRINCIPAL  INVESTIGATOR 
INSTITUTION  AND  GRANT  NUMBER 


TITLE 


BIOMETRY 

Albert,  Roy  E.* 
New  York  University 
5  ROl  CA  17188-03 

Austin,  Donald  F. 

California  State  Dept.  of  Health 

5  ROl  CA  21448-03 

Barron,  Bruce  A. 
Columbia  University 
5  ROl  CA  19145-05 

Blois,  Marsden  S. ,  Jr. 
University  of  California 
1  ROl  CA  26655-01 

Bross,  Irwin  D. 

Roswell  Park  Memorial  Institute 

1  ROl  CA  27514-01 

Bross,  Irwin  D.* 

Roswell  Park  Memorial  Institute 

3  POl  CA  11531-09S1 

Cech,  Irina 

University  of  Texas  Health 

Science  Center 
5  ROl  CA  24138-02 

Dudewicz,  Edward  J. 
Ohio  State  University 
1  ROl  CA  26254-01 

Elston,  Robert  C. 
Louisiana  State  University 
1  ROl  CA  29198-01 


Fol low-Up  Study  of  Irradiated  Tinea 
Capitis  Cases 


New  Methods  of  Cancer  Registry  Data 
Analyses 


Optimization  of  Screening  for  Cervix  Cancer 


Natural  Language  Access  to  Clinical  Data 
Bases 


Program  in  Biometrics  of  Cancer  Epidemiology 


Core  Program  in  Biometrics  of  Cancer 
Epidemiology 


Relation  of  Cancer  Rates  and  Source  Drinking 
Water 


A  Model  for  Medical  Treatment  Evaluation 


Statistical  Genetic  Analysis  for  Cancer 
Families 
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Dwight  T.  Janerich 
Jefferson  County  Health  Dept. 
5  ROl  CA  19564-03 

Klotz,  Jerome  H. 
University  of  Wisconsin 
5  ROl  CA  18332-05 

Knudson,  Alfred  G.,  Jr. 
Institute  for  Cancer  Research 
5  ROl  CA  27780-03 

Koziol ,  James  A. 

University  of  California,  San  Diego 

1  ROl  CA  26666-01 

Kuzma,  Jan  W.* 

Loma  Linda  University 

3  ROl  CA  18186-03S1 

Mantel ,  Nathan* 

George  Washington  University 

3  ROl  CA  15686-05S1 

Moolgavkar,  Suresh 

Institute  for  Cancer  Research 

1  ROl  CA  25588-01 

Murthy,  Vrudhula  K. 
Cedars-Sinai  Medical  Center 
5  ROl  CA  21380-03 

Neel ,  James  V. 
University  of  Michigan 
1  POl  CA  26803-OlAl 

Myers,  George  C. 
Duke  University 
5  ROl  CA  23399-02 

Pagano,  Marcel lo 

Sidney  Farber  Cancer  Institute 

1  ROl  CA  28066-01 

Phillips,  Roland  L. 
Loma  Linda  University 

2  ROl  CA  14703-06 

Pierce,  Donald  A. 
Oregon  State  University 
1  ROl  CA  27532-01 


Cancer  in  Patents  of  Congeni tally 
Defective  Children 


Statistical  Problems  in  Clinical  Cancer 
Research 


Biomathematical  Approaches  to  Cancer 


Topics  in  Biostati sties 


Epidemiology  of  SDA  Cancer  Mortality,  20- 
Year  Fol low-Up 


Cancer  Epidemiology:  Statistical  Methods 


Temporal  Evolution  of  Cancer 


Comprehensive  Modes  for  Cancer  Survival  and 
Mortality 


The  Study  of  Human  Mutation  Rates 


Certification  of  Cancer  Related  Deaths 


Statistical  Computing  and  Clinical  Trials 
of  Cancer 


Epidemiology  of  Cancer  in  Adventists--A 
Low-Risk  Group 


Statistical  Methodology  for  Response-Time 
Data 
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Rubinow,  Sol  I. 

Cornell  University  Med.  Ctr. 

5  ROl  CA  20610-03 


Kinetics  of  Normal  and  Neoplastic  Hema- 
topoietic Cells 


Schneider,  Robert 

University  of  California,  Davis 

2  ROl  CA  14916-07A1 


Animal  Neoplasm  Registry 


Schoenfeld,  David  A. 

Sidney  Farber  Cancer  Institute 

1  R23  CA  26162-01 


Regression  Analysis  Techniques  for  Cancer 
Research 


Schottenfeld,  David 
Memorial  Hospital  for  Cancer 

and  Allied  Diseases 
5  ROl  CA  17028-04 


Cancer  Risk  After  Irradiation  and/or  Chemo- 
therapy 


Skolnick,  Mark  H. 
Latter-Day  Saints  Hospital 
5  ROl  CA  16573-06 


Cancer  Incidence  and  Risk  Factors  by  Kin- 
ship 


Swift,  Michael  R. 

University  of  North  Carolina,  Chapel  Hill 

5  ROl  CA  14235-08 


Neoplasia-Predisposing  Genes  of  Man 


Whittemore,  Alice  S. 
Stanford  University 
5  ROl  CA  23214-02 


Effects  of  Multiple  Exposures--Quantitative 
Aspects 


Wirtschafter,  David  D. 
University  of  Alabama 
5  ROl  CA  24646-02 


Clinical  Protocol  Information  System 


Zelen,  Marvin 

Sidney  Farber  Cancer  Institute 

5  ROl  CA  23415-03 


Statistical  Models  of  Biomedical  Phenomena 


Zimmerman,  Stuart  0. 
University  of  Texas  System 

Cancer  Center 
5  ROl  CA  11430-15 


Biomathematics  and  Computing  in  a  Cancer 
Institute 


Zippin,  Calvin 

University  of  California,  San 

Francisco 
5  R13  CA  23655-02 


Conferences  for  Personnel  of  Cancer  Data 
Programs 


"^Grants  Active  During  FY  80  but  Funded  with  Previous  Year's  Funds. 
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SPECIAL  PROGRAMS  BRANCH 
LIST  OF  GRANTS  BY  PROGRAM  AREA 


PRINCIPAL  INVESTIGATOR 
INSTITUTION  AND  GRANT  NUMBER 


TITLE 


DIET/NUTRITION.  DCCP 


Alfin-Slater,   Roslyn  B.* 
University  of  California,  LA 
5  ROl    CA  20938-02 

Birt,  Diane  F. 
University  of  Nebraska 
5  ROl   CA  24549-02 

Black,  Homer  S.* 

Baylor  College  of  Medicine 

5  ROl  CA  20907-02 

Brown,  Raymond  R. 
University  of  Wisconsin 
5  ROl  CA  20908-02 

Butterworth,  C.  E.,  Jr. 
University  of  Alabama 
5  POl  CA  28103-02 

Campbell,  T.  Colin 
Cornell  University 
1  POl  CA  26755-01 

Campbell ,  T.  Colin* 
Cornell  University 
5  ROl  CA  20079-03 

Carubelli,  Raoul 

Oklahoma  Med.  Research  Foundation 

5  ROl  CA  20969-03 

Cha,  Young-Nam 

Johns  Hopkins  University 

1  ROl  CA  27594-01 

Chipault,  Jacques  R. 
University  of  Minnesota 
5  ROl  CA  19519-03 


Nutritional  Stress  on  Aflatoxin-Induced 
Carcinogenesis 


Influence  of  Dietary  Selenium  on  Pancreatic 
Cancer 


Effects  of  Dietary  Factors  on  UVL-Carcino- 
genesis 

Effect  of  Fat  Saturations  on  Cancer  Inci- 
dence in  Mice 


Core  Clinical  Nutrition  Research  Center 


Nutrition  and  Cancer 


Effect  of  Nutrition  on  Carcinogen  and  Toxin 
Metabolism 


Sialoglycoconjugates  in  Cancer  Under  Dietary 
Stress 


Mechanism  of  Antimutagenesis  by  Anticarcin- 
ogens 

Diet,  Fecal  Steriods  and  Colon  Cancer 
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Corwin,  Laurence  M. 
Boston  University 
5  ROT  CA  26604-02 


Effect  of  Vitamin  E  and  Lipids  on  Tumori' 
gen i city 


Dao,  Thomas  L. 

New  York  State  Dept.  of  Health 

1  ROT  CA  26597-OlAl 


Dietary  Fat  and  Mammary  Carcinogenesis 


De  Rosa,  Guglielmo 
University  of  Louisville 
5  ROl  CA  25602-03 


Dietary  Modifications,  Exercise  and  Tumor 
Growth 


Draper,  Harold  H. 
University  of  Guelph 
1  ROl  CA  28242-01 


Toxicity  and  Metabolism  of  Malonalydehyde 


Gershoff,  Stanley  N.* 
Tufts  University 
5  ROl  CA  23714-03 


Effect  of  Diet  on  Vesical  Tumor  and  Stone 
Formation 


Graham,  Saxon 

State  University  of  New  York-Buffalo 

2  POl  CA  11535-11 


Social  Epidemiology  and  Control  of  Cancer 


Gray,  James  I. 

Michigan  State  University 

5  ROl  CA  26576-02 


Formation  of  N-Nitroso  Compounds  in  Pro- 
cessed Food 


Hawrylewicz,  Ervin  J. 
Mercy  Hospital  &  Medical  Center 
5  ROl  CA  26547-02 


Effect  of  Diet  on  the  Hypothalamus  and 
Breast  Tumors 


Heiniger,  Hans-Jorg 
Jackson  Laboratory 
2  ROl  CA  19305-04 


Cholesterol  in  Normal  and  Malignant  Lympho- 
cytes 


Hsieh,  Dennis  P. 

University  of  California,  Davis 

5  ROl  CA  27426-02 


Comparative  Toxicology  of  Carcinogenic 
Mycotoxins 


Ip,  Clement  C. 

Roswell  Park  Memorial  Institute 

1  ROl  CA  27706-01 


Selenium  Supplement  and  Dietary  Fat  in 
Breast  Cancer 


Janghorbani,  Morteza 

Massachusetts  Institute  of  Technology 

1  ROl  CA  27917-01 


Dietary  Bioavailability  of  Selenium  in  Man 


Kolonel ,  Laurence  N. 
University  of  Hawaii-Manoa 
5  ROl  CA  26515-02 


Case-Control  Study  of  Lung  Cancer  and 
Dietary  Vitamin 
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Mackenzie,  Cosmo  G. 

University  of  Colorado  Med.  Ctr. 

1  ROl  CA  27861-01 


A  Nutritional  Control  of  Cancer 


McCay,  Paul  B.* 

Oklahoma  Med.  Research  Foundation 

5  ROl  CA  21419-03 


Chemical  Carcinogenesis  in  Specific  Dietary 
States 


McCay,  Paul  B.* 

Oklahoma  Med.  Research  Foundation 

5  ROl  CA  21019-03 


Dietary  Fats  and  Antioxidants  in  Carcino- 
genesis 


Musey,  Paul  I. 
Emory  University 
5  ROl  CA  24646-02 


Diet  Effect  on  Estrogen  Biosynthesis  and 
Metabolism 


Newberne,  Paul  M. 

Massachusetts  Institute  of  Technology 

5  ROl  CA  25382-02 


Zinc,  Nitrosamine  and  Esophageal  Cancer 


Newberne,  Paul  M. 


Massachusetts  Institute  of  Technology 
1  ROl  CA  26917-01 


Dietary  Fat  in  Colon  Carcinogenesis 


Pethica,  Brian  A. 

Clarkson  College  of  Technology 

5  ROl  CA  26379-02 


Dietary  Fiber--The  Physical  Chemistry  of 
Lignins 


Rivlin,  Richard  S. 

Memorial  Hospital  for  Cancer  and 

Allied  Diseases 
1  P30  CA/AM  29502-01 


Cooperative  Core  Lab  and  Clinical  Nutrition 
Research 


Roebuck,  Bill  D. 
Dartmouth  College 
1  ROl  CA  26594-OlAl 


Modulation  of  Pancreatic  Carcinogenesis  by 
Diet 


Rogers,  Adrianne  E. 

Massachusetts  Institute  of  Technology 

5  ROl  CA  25538-02 


Dietary  Fat,  Prolactin  and  Mammary  Cancer 


Ross,  Morris  H. 

Institute  for  Cancer  Research 

5  ROl  CA  16442-06 


Regulation  of  Tumor  Susceptibility 


Sarkar,  Nurul  H. 
Sloan-Kettering  Institute  for 

Cancer  Research 
1  ROl  CA  25679-OlAl 


Effect  of  Diet  on  Murine  Mammary  Tumori- 
genesis 


Scanlan,  Richard  A. 
Oregon  State  University 
5  ROl  CA  25002-10 


N-Nitrosamines  in  Foods 
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Schmitz,  John  A.* 
Oregon  State  University 
5  ROl  CA  20998-03 

Shinozuka,  Hisashi 
University  of  Pittsburgh 
5  ROl  CA  26556-02 


Mammary  Tumors— Dietary  Fatty  Acids/Selenium 
Effects 


Diet  Modifications  &  Promotion  of  Liver 
Carcinogenesis 


Sidransky,  Herschel* 

George  Washington  University 

5  ROl  CA  22997-03 


Effect  of  Nutritional  Stress  on  Carcino- 
genesis 


Sidransky,  Herschel 

George  Washington  University 

1  ROl    CA  26557-OlAl 

Sinnhuber,  Russell  0. 
Oregon  State  University 

2  ROl  CA  20090-03 


Nutritional  Influence  on  Chemical  Carcino- 
genesis 


Protein  Effects  of  Aflatioxin  Carcinogenesis 
in  Trout 


Smith,  George  S. 

University  of  California,  LA 

5  ROl  CA  26164-02 


Dietary  Restriction,  Cancer  and  Immune 
Functions 


Sorenson,  Ann  W. 
University  of  Utah 
5  ROl  CA  25580-02 

Speizer,  Frank  E. 

Peter  Bent  Brigham  Hospital 

5' ROl  CA  26560-02 


Diet  and  Colon  Cancer  in  Man:  The  Effects 
of  Fiber 


Prospective  Study  of  Diet  and  Cancer  in 
Women 


Thompson,  Henry  J. 
University  of  New  Hampshire 
1  ROl  CA  28109-01 


Nutrition  and  Mammary  Carcinogenesis 


Troll,  Walter* 

New  York  University 

5  ROl  CA  16060-08 


Inhibition  of  Tumor  Promotion  by  Protease 
Inhibitors 


Visek,  Willard  J. 
University  of  Illinois 
1  ROl  CA  28629-01 

Visek,  Willard  J. 
University  of  Illinois 
5  ROl  CA  22326-04 

Von  der  Decken,  Alexandra* 
Wenner-Gren  Institute  for 

Experimental  Biology 
1  ROl  CA  26642-01 


Hormones,  Dietary  Fat  and  Mammary  Carcino- 
genesis 


Dietary  Protein--Fat  Interactions  in  DMBA 
Mammary  Cancer 


Protein  Nutrition  and  Primary  Action  of  A 
Carcinogen 


1714 


Wade,  Adelbert  E. 
University  of  Georgia 
5  ROl  CA  25794-02 

Wade,  Adlebert  E.* 
University  of  Georgia 
5  ROl  CA  20695-03 

Warren,  Guylyn  R. 
Montana  State  University 
1  ROl  CA  26647-01 

Yager,  James  D. ,  Jr. 
Dartmouth  College 
5  ROl  CA  20948-02 

Yang,  Shiang  P. 
Texas  Tech  University 
5  ROl  CA  21020-03 


Effect  of  Dietary  Fat  Type  on  Chemical 
Carcinogenesis 


Diet  and  Chemical  Carcinogenesis 


Mutagenic/Carcinogenic  Agents  in  Body  Fluids 
of  Children 


Effect  of  Dietary  Stress  on  Pancreatic 
Carcinogenesis 


Effect  of  Lipid  On  Metabolism  of  Chemical 


*Grants  Active  During  FY  80  but  Funded  with  Previous  Year's  Funds 
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SPECIAL  PROGRAMS  BRANCH 
LIST  OF  GRANTS  BY  PROGRAM  AREA 


PRINCIPAL  INVESTIGATOR 
INSTITUTION  AND  GRANT  NUMBER 


TITLE 


EPIDEMIOLOGY 

Alford,   Charles  A.,  Jr.* 
University  of  Alabama 
5  ROT    CA  16424-05 

Anderson,  Henry  A. 

Mt.  Sinai  School  of  Medicine 

5  ROl  CA  22792-03 

Bahn,  Anita  K. 

University  of  Pennsylvania 

5  ROl  CA  23544-02 

Beasley,  R.  Palmer 
University  of  Washington 
5  ROl  CA  25327-02 

Comstock,  George  W. 
Johns  Hopkins  University 
5  ROl  CA  24758-02 


Delafresnaye,  John  F. 

International  Union  Against  Cancer    Cancer 

2  R13  CA  05096-19 


Herpes  Virus  Infections  in  High-Risk  Cancer 
Groups 


Cancer  Among  Household  Contacts  of  Asbestos 


Case-Control  Study  of  Malignant  Melanoma 


Hepatocellular  Carcinoma  Risk  in  Hepatitis 
B  Carriers 


Cancer  Studies  in  Washington  County  Maryland 


Program  of  the  International  Union  Against 


Donham,  Kelley  J. 
University  of  Iowa 
1  ROl  CA  28626-01 

Evans,  Alfred  S.* 
Yale  University 
5  ROl  CA  12952-07 

Fialkow,  Philip  J. 
University  of  Washington 
5  ROl  CA  16448-06 

Graham,  Saxon* 

State  University  of  New  York-Buffalo 

5  POl  CA  11535-10 


The  Epidemiology  of  Leukemia  in  Rural  Iowa 


Immunology  of  Persistent  Infections  with 
EB  Virus 


Human  Cancer--0rigin  and  Genetic  Markers 


Social  Epidemiology  and  Control  of  Cancer 
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Greenwald,  Peter 

New  York  State  Dept.  of  Health 

5  R01  CA  20502-04 


Epidemiologic  Study  of  Ovarian  Cancer 


Greenwald,  Peter 

New  York  State  Dept.  of  Health 

5  ROl  CA  24367-02 


Endometrial  Cancer  Epidemiology  and  Control 


Grufferman,  Seymour* 
Duke  University 
2  ROl  CA  22104-04 


The  Epidemiology  of  Multiple  Myeloma 


Henderson,  Brian  E. 

University  of  Southern  California 

1  R13  CA  27751-01 

Henderson,  Brian  E. 

University  of  Southern  California 

5  POl  CA  17054-05 

Herbst,  Arthur  L. 
University  of  Chicago 
5  ROl  CA  20084-04 


Epidemiology  and  Cancer  Registries  in  the 
Pacific  Basin 


Cancer  Center  Epidemiology  and  Biostatistics 
Support 


Exogenous  Maternal  Hormones  and  Cancer  in 
Daughters 


Hochberg,  Fred  H. 
Masschusetts  General  Hospital 
5  ROl  CA  22533-03 

Hutchison,  George  B. 
Harvard  University 
5  ROl  CA  22849-03 


Epidemiology  of  Brain  Tumors 


Second  Cancers  in  Patients  with  Hodgkin's 
Disease 


Hutchison,  George  B. 
Harvard  University 
5  ROl  CA  24209-02 


An  Epidemiologic  Study  of  Cancer  of  the 
Ovary 


Janerich,  Dwight  T,* 

New  York  State  Dept.  of  Health 

5  ROl  CA  19564-03 


Cancer  in  Parents  of  Congeni tally  Defective 
Children 


Kersey,  John  H. 
University  of  Minnesota 
5  ROl  CA  k8083-03Sl 


Epidemiology  of  Cancer  in  Immunodeficiency 


Kessler,  Irving  I. 

University  of  Maryland-Baltimore 

2  ROl  CA  25019-03 


Male  Role  in  Cervical  Cancer 


Kessler,  Irving  I.* 

University  of  Maryland-Baltimore 

5  ROl  CA  25020-02 


A  Prospective  Study  of  Lymphoid  Tissues  in 
Neoplasia 
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Kuller,  Lewis  H. 
University  of  Pittsburgh 
5  ROl  CA  24739-03 


Relationship  Between  Cholecystectomy  and 
Ascending  Colon 


Kurland,  Leonard  T. 
Mayo  Foundation 
5  ROl  CA  25441-02 


Study  of  Males  Exposed  inUtero  to  Diethyl' 
stilbestrol 


Lopez-S,  Alfredo 
Louisiana  State  University 
5  ROl  CA  23205-03 


Lung  Cancer  and  Vitamin  A 


Mack,  Thomas  M. 

University  of  Southern  California 

5  ROl  CA  23927-02 


Case-Control  Study  of  Malignant  Melanoma 


MacMahon,  Brian 
Harvard  University 
5  POl  CA  06373-19 


Cancer  Epidemiology  and  Prevention  Research 
Center 


MacMahon,  Brian 
Harvard  University 
5  ROl  CA  19619-03 


Childhood  Environment  and  Hodgkin's  Disease 


Matanoski,  Genevieve  M.* 
Johns  Hopkins  University 
1  ROl  CA  24606-01 


Cancer  Risks  in  Virologists 


Morrison,  Alan  S. 
Harvard  University 
5  ROl  CA  24797-02 


Breast  Parenchymal  Patterns  and  Breast 
Cancer  Risk 


Mortimer,  Edward  A.,  Jr.* 

Case  Western  Reserve  University 

1  ROl  CA  26252-01 


Epidemiology  of  Ovarian  Carcinoma 


Nasca,  Philip  C. 

New  York  State  Dept.  of  Health 

5  ROl  CA  26194-02 


Epidemiologic  Study  of  Childhood  Gliomas 


Paffenbarger,  Ralph  S. 
Stanford  University 
5  ROl  CA  26264-02 


Jr. 


Early  Predictors  of  Site-Specific  Cancers 


Paigen,  Beverly  J. 

Roswell  Park  Memorial  Institute 

5  ROl  CA  18542-05 


Genetics  of  AHH  in  Relation  to  Cancer 
Etiology 


Pendergrass,  Thomas  W. 
Children's  Orthopedic  Hospital 

and  Medical  Center 
5  R23  CA  24186-03 


Environmental  Exposures  and  Childhood 
Leukemia 
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Preston-Martin,  Susan 

University  of  Southern  California 

1  ROT  CA  28215-01 

Punnett,  Hope  H. 

St.  Christopher's  Hospital 

for  Children 
5  ROl  CA  19834-04 

Reeves,  William  C. 

Gorgas  Memorial  Institute  of 

Tropical  and  Preventive  Medicine 
5  ROl  CA  25419-02 

Ross,  Ronald  K. 

University  of  Southern  California 

5  ROl  CA  24082-02 

Ross,  Ronald  K.* 

University  fo  Southern  California 

5  ROl  CA  25669-02 

Samet,  Jonathan  M. 
University  of  New  Mexico 

1  ROl   CA  27187-01 

Speizer,  Frank  E. 

Peter  Bent  Brigham  Hospital 

5  ROl  CA  23645-04 

Szklo,  Moyses 

Johns  Hopkins  University 

5  ROl  CA  26500-02 

Szklo,  Moyses 

Johns  Hopkins  University 

5  ROl  CA  24757-02 

Wallace,  Robert  B. 
University  of  Iowa 

2  ROl   CA  15104-07A1 


Epidemiology  of  Tumors  of  the  Parotid  Gland 


Genetic  Constitutions  and  Cancer  Predis- 
position 


Cervical  Cancer  Epidemiology  in  Panama 


Immunoblastic  Lymphadenopathy  and  Histio- 
cytic Lymphoma 


Epidemiology  of  Cancer  of  the  Renal  Pelvis 
and  Ureter 


Lung  Cancer  Etiology  in  New  Mexico's  Hispan- 
ics  and  Anglos 


A  Prospective  Cohort  for  Risks  in  Breast 
Cancer 


Epidemiologic  and  HLA  Study  of  Leukemia 
Epidemiology  of  Aplastic  Anemia  in  Baltimore 


Anovulation  and  Epidemiology  of  Hormone- 
Responsive  Tumors 


Weiss,  Kenneth  M. 

University  of  Texas  Health  Science  Center 

5  ROl  CA  19311-04 


Genetic  Epidemiology  of  Cancer 


Weiss,  Noel  S. 


Epidemiology  of  Myeloma  and  Lymphocytic 


Fred  Hutchinson  Cancer  Research  Center 
5  ROl  CA  23350-02 
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Wyshak,  Grace  Cancer  Incidence  in  Mothers  of  Dizygotic 

Harvard  University  Twins 

5  ROl  CA  25623-02 


*Grants  Active  During  FY  80  but  Funded  with  Previous  Year's  Funds 
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SPECIAL  PROGRAMS  BRANCH 
LIST  "of  grants  by  PROGRAM  AREA 


PRINCIPAL  INVESTIGATOR 
INSTITUTION  AND  GRANT  NUMBER 


TITLE 


Hecht,  Stephen 

American  Health  Foundation 

2  ROl  CA  21393-04 


Metabolism  of  the  Carcinogen  Nitrosorni' 
cotine 


Homburger,  Freddy 
Bio-Research  Institute 
1  ROl  CA  25082-01 


Skin  Bioassay  of  Carcinogenesis  in  Syrian 
Hamsters 


♦Grants  Active  During  FY  80  but  Funded  with  Previous  Year's  Funds, 
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